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(54) OPTICAL RECORDING MEDIUM, METHOD RECORDING OPTICAL RECORDING MEDIUM, 
AND RECORDER 



(57) In an optical recording medium having a plural- 
ity of recording layers on which information can be re- 
corded by irradiating a laser beam from one side thereof , 
an optimum recording power to each of the recording 
layers can be determined. The optical recording medi- 



um has a plurality of recording layers on which informa- 
tion can be recorded by irradiating a laser beam from 
one side thereof, and each of the recording layers has 
a power calibration area (PCA) (52), (61) for optimizing 
the intensity of the laser beam. 
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optical recording medium. 
Background Art 

because they can store a large volume of information and can be randomly accessed easily. 

referred to as a dye containing recording layer) such as CD-R, DVD-R, DVD+R P 

divid.d into an OPC ar.a and an OPC managam.nt an*,. EaoJ ,rf te a a.s • <£^f ar . aare u6 . dlrom 

rr:ra?ro7c^^ 
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[0012] 

double-sided DVD-R, as well. 
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[001 3] With respect to optical recording media having a plurality of recording layers, there is, in these years, a demand 
for a single-sided incident type optical recording medium (for example, single-sided incident dual-layer DVD-R) on 
which recording or reading can be performed on a plurality of recording layers by irradiating a laser beam from one 
side so as to avoid an increase in size and complexity of the recording/reading apparatus, enable continuous reading 

5 from the plural recording layers, and improve the facility. 

[0014] To meet the above demand, there has been proposed an optical recording medium (DVD-R) as shown in FIG. 
12, for example. Namely, there has been proposed a single-sided incident type DVD-R of the dual layer type (single- 
sided, dual-layered DVD-R) having two recording layers, for example, as the single-sided incident type optical recording 
medium having the structure below (refer to Japanese Unexamined Patent Publication No. HEI 11-66622). 

10 [0015] For example, a single-sided incident type DVD-R of the dual layer type of the laminated type is formed by 
laminating, on a first light-transmissible substrate 5, a first recording layer 12 made from an organic dye on which 
information can be optically recorded by irradiating a laser beam for recording, a first reflective layer 13 made of a 
semi-light-transmissible reflective film that can pass through a part of the laser beam for reading, an intermediate layer 
11 that can pass through the laser beam for recording and the laser beam for reading, a second recording layer 12* 

is made from an organic dye on which information can be optically recorded by irradiating the laser beam for recording, 
a second reflective layer 13' reflecting the laser beam for reading, and a second light-transmissible substrate 5' in this 
order. 

[001 6] With the above structure, it is possible to record information on both the first recording layer 1 2 and the second 
recording layer 12' from one side of the optical recording medium. In reading, it is possible to read out signals from 

20 one side of the medium as being an optical recording medium of the so-called dual-layer type. 

[0017] In the case of an optical recording medium having two recording layers on which information is recorded by 
irradiating a laser beam from one side, there is possibility that conditions of the recording or reading vary according to 
each recording layer because the recording on the second recording layer 12' is performed through the first recording 
layer 12, the semi-light-transmissible reflective layer 13, and so forth. 

25 [0018] Particularly, the complex refractive index of the first recording layer 12 is changed according to whether or 
not information is recorded on the first recording layer 12, and thus the quantity of transmitted light is changed. For 
this, there is possibility that the optimum recording power to the second recording layer 1 2' largely varies. 
[0019] When data is recorded on each recording layer of an optical recording medium (particularly, a single-sided 
incident type DVD-R of the dual layer type) having a plurality of recording layers, it is necessary to perform the recording 

30 at the optimum recording power (optimum power) on each recording layer in order to attain good recording on each 
recording layer. 

[0020] When the OPC (Optimum Power control) is performed in an area on the inner peripheral side with respect to 
the data recording area on each recording layer to obtain the optimum power before the recording is performed on 
each recording layer, the power of the laser diode (laser power) is controlled to be the optimum power beforehand 

35 determined, data is then recorded. 

[0021] When an electric current is supplied, the laser diode used as the light source of the recording light oscillates 
a laser power according to the electric current. However, when the laser diode continuously oscillates, the temperature 
is increased, thus the laser power tends to be decreased even at the same electric current value. 
[0022] When the temperature rises, the wavelength of the laser beam outputted from the laser diode tends to shift 

40 toward the longer wavelength's side. Particularly, CD-R and DVD-R have the maximum absorbed wavelength on the 
shorter wavelength's side than the wavelength of the laser beam, thus the absorption becomes smaller as the wave- 
length of the laser beam shifts to the longer wavelength. When the wavelength of the laser beam, which is the recording 
beam, shifts to the longer wavelength's side, the recording sensitivity deteriorates. Accordingly, a larger laser power 
is required for stable recording. 

45 [0023] Further, the temperature of the laser diode itself changes according to the magnitude of the laser power used 
for recording, the recording time, the ambient temperature, etc. This causes a change in the laser power 
[0024] Even if the electric current value of the laser diode is so set and the laser power is so controlled as to provide 
the previously-determined optimum power, the laser power actually outputted may change due to a change in temper- 
ature of the laser diode, for example, which may make excellent recording difficult. 

50 [0025] In the case where data is recorded in one recording layer and data is continuously recorded on the other 
recording layer, if the data is recorded on the latter recording layer with a laser electric current value corresponding to 
• the optimum power beforehand determined, there is possibility that the data is not recorded or the recording is insuf- 
ficient because the laser power is insufficient, which brings failure in excellent recording. 

[0026] Particularly, when data is continuously recorded on plural recording layers, it is impossible to perform the 
55 OPC on each of the recording layers immediately before the recording is performed on each of the recording layer. 
For this reason, there is no other alternative but to use the optimum power determined in the OPC beforehand per- 
formed. It is thus impossible to cope with changes in temperature of the laser light source, which obstacles attainment 
of excellent recording in each recording layer. 
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Disclosure of Invention 

r 0 0271 in the light of the above problems, an object of the present invention is to provide an optical 

.o„he optica, redoing medium o, «s — are 

\Z ,Z !Zm "side and a second recording lay.r disposed on in. first recording lay.r, on Minn information en 
i r«rXarad«*rma laser doom. Each o, In. « recording lay.r and ,he ..end recording ,a»e, inoiudes , 

S side end/or .ha ou.er peripheral side of information recording areas of the ffref recording 

ITa, he nneC-Xre ^ ofth. Information wording .reae of rhe fire, recording fayer and the .eoonu redding 
fl" e,pXe P |», and wording of intomtation onth.fl-t recording ieyer and , he second reccing i.y.r ,e perforered 

;^r..Tpre»^C,^^S^ on ,d. fins, recording iaye, k perdonaed before recording d, In- 
^?JSZZ22£L~ recording po„er ,.,u. for aaoft 0. ft. recording i.y.re is Petorehand 
[S^A recotding method lor an optical recording medium according to title invention is a recording mathoc I for art 

Pl7 e „ ,a preferable tha, , change in actual recording po„.r la estimated on the Pedis of ft. temperetore of the 

E^r..tr.?.o7^^^^ 

the laser beam is emitted at the initial recording power setting step. 
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[0046] It is preferable that recording on one recording layer and recording on another recording layer are continuously 

rowTlt'is still preferable that the OPC recording power setting step is beforehand performed on all of the recording 
layers before recording on the optical recording medium, and the initial recording power setting step is performed after 

5 recording on one recording layer before recording on anther recording layer. 

[0048] It is preferable that the OPC is performed on the inner peripheral side and the outer peripheral s,de of each 
recording layer at the OPC recording power setting step. „„ rHi „„ mo 

r00491 A recording apparatus for an optical recording medium is a recording apparatus for an optical recording me- 
dium having a plurality of recording layers, which comprises a control arithmetic unit for performing an optimum power 

10 control (hereinafter referred to as an OPC) before recording on each of the plural recording layers to set an OPC 
recording power for each of the recording layers. 

rO0501 It is preferable that the control arithmetic unit corrects an OPC recording power for another recording layer 
based on a change in actual recording power relative to an OPC recording power for one recording layer to set a 
recording power to be used when recording on the latter recording layer is started. 
is [0051] It is preferable that the control arithmetic unit estimates a change in actual recording power on the bas.s of 
the temperature of the laser light source. 

[0052] Alternatively, the control arithmetic unit estimates a change in actual recording power on the basis of the 
quantity of reflected light from the optical recording medium. 

[0053] Still alternatively, the control arithmetic unit estimates a change in actual recording power on the basis of the 
20 quantity of emitted light from the laser light source. . . cnfth . 

[0054] Still alternatively, the control arithmetic unit estimates a change in actual recording power on the basis of the 
laser current value set in a running OPC. 

[0055] Still alternatively, the control arithmetic unit estimates a change in actual recording power on the basis of the 

time period the laser beam is emitted. 

25 [0056] The control arithmetic unit continuously performs recording on one recording layer and recording on another 

[ooSTT^urther, the control arithmetic unit beforehand sets an OPC recording power for each of all the recording 
layers before recording on the optical recording medium, and sets a recording power to be used at the time of start of 
recording on the another recording layer after recording on the one recording layer before recording on the another 

[OOSsTThrcontrol arithmetic unit performs the OPC on the inner peripheral side and the outer peripheral side of 

each of the recording layers. . . .• „ 

[0059] It is preferable that the present invention is applied to an optical recording med.um in which the recording 

lavers are dye containing recording layers. 
35 [0060] According to this invention, in an optical recording medium on which information is recorded on a plurality of 
recording layers by irradiating a laser beam from one side thereof, a power calibration area foropt.miz.ng the mtensrty 
of the laser beam is set on each of the recording layers so that an optimum recording power for each of the record.ng 

[OOeT]' 8 ASingfy, it becomes possible to accurately adjust the recording power to be used when data is recorded 
40 on each of the recording layers, thereby to accomplish good recording on each of the layers. 

rO0621 An advantage of the recording method and recording apparatus for the optical record.ng med.um according 
to this invention is that the recording power to be used at the time of recording of data on each of the record.ng layers 
can be accurately adjusted even when the recording power is changed due to, for example, a change .n temperature 
of the laser light source, which allows good recording on each of the recording layer. As a result, when record.ng .s 
45 continuously performed on a plurality of recording layers of an optical recording medium having the plural record.ng 
layers, for example, it is possible to perform good recording on each of the recording layers. 

Brief Description of Drawings 

so [0063] 

FIG. 1 is a diagram typically showing an optical recording medium (of type 1) according to a first embodiment of 

FIG. ,n 2Ts n a°d n iagram typically showing an optical recording medium (of type 2) according to the first embodiment 

Hg!" is Ttfagram typically showing the whole structure of a recording apparatus for the optical recording medium 
according to the first embodiment of this invention; 

FIG. 4 is a flowchart for illustrating a recording method for the optical recording med.um according to the first 
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US isan r^sSuro diagram for i.lustrating an area structure of the optica, recording media (of the type 
, anc f S type ^^C?n of a recording power according to the first embodiment of th,s .nvent.on; 

5 f'.g. ss s : :xr a ;r^ - - ~mS^ 

1 and the type 2), and optimization of a recording power according to a second embod>ment of th. .nvent.on, 
PifiQ BfB^ and 6<Q are enlarqed diagrams of essential parts in FIG. 6(A); 

F G rSf 3 a area structure diagram for illustrating an area structure of the optical recording media (of the type 
1 and Se *pe SZ* 1 optimizatio'n of a recording power according to a third embodiment of th.s .nvent.on , 
10 Fif^ 7fB) and 7(C) are enlarqed diagrams of essential parts in FIG. 7(A), f/Nllrth 

RG 8 £ a flowchart for illustrating a recording method for the optteal recording med.um according to a fourth 

SS l^an^ra Srams for illustrating changes in laser current value and recording power occurring 
when a mining OPcts performed while data is recorded in the optical recording med.um according to the fourth 

15 ^^l^T^s tor illustrating changes in laser current value and recording power occurring 

when the running OPC is not performed while data is recorded in the optical recordmg med.um accord.ng to the 

^ir^Sm typica.ty i.lustrating an area structure of a Known optica, recording medium (CD-R), and 
20 optimization of a recording power; and ' 

FIG. 12 is a diagram typicaily showing a known dual-layer optical recording medium. 

Best Mode for Carrying Out the Invention 
2s [0064] Hereinafter, embodiments of the present invention wi.l be described with reference to the drawings. 

[A] First Embodiment 

[00651 A recording method and a recording apparatus for an optical recording medium according to this embodiment 
can be applied to all optical recording media having a plurality of recording layers. omhoH im 6 nt are 

rao661 For example it is preferable that the recording method and the recordmg apparatus of th.s embod ment ; are 
So rec rd d^a P Onformation) in a sing.e-sided incident type optica. ^^^J^^^X, 
DVD) which has a plurality of recording layers, and in which data can be recorded on and read from the recordmg 

dye containing recording layers, for example, which are classified into the lam.nated type and the bonded type. 
[1] Laminated Structures of Optical Recording Media 

[0069] First, description will be made of optica, recording media (dual-layer, ^^^^ DVD " RS * 
the laminated type) of two types having different laminated structures accord.ng to th.s embod.ment. 

[1-1] Optical Recoding Medium of Type 1 

[0070] FIG. 1 is a sectional view of a typical optical recording medium (type 1 ) according ^^^^^ fjrst 
0071] The optica, recording medium of the type 1 according to this embod.ment has, as shown .n FIG. 1 aflrtf 

[ST'.n'nre'mbodiment, "transparent (light-transmissible)" signifies "transparent (light-transmtesible) to optica. 
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beams used for recording on or reading from the optical recording medium." Transparent (light-transmissible) layers 
include a layer which absorbs more or less the optical beams used for recording or reading: For example, when the 
layer has a transmittance of not less than 50 percent (preferably not less than 60 percent) to the wavelength of an 
optical beam used for recording or reading, the layer is considered to be light-transmissible (transparent). 
[0073] Concavities and convexities (lands and grooves) are formed on the transparent first substrate 1 and the in- 
termediate resin layer 4. A recording track is formed with the concavity and/or the convexity. Incidentally, the recording 
track may be formed with either the concavity or the convexity. Generally, it is often that the recording track 1 1 on the 
first substrate 1 is formed with the convexity with respect to the direction of the incident light beam, and the recording 
track 12 on the intermediate resin layer 4 is formed with the convexity with respect to the direction of the incident light 
beam, as well. In this invention, the concavity and convexity are defined with respect to the direction of incident light 
beams used for recording or reading unless not specifically mentioned. 
[0074] These recording tracks 11 and 1 2 are made slightly snake in the radial direction at predetermined amplitude 
and frequency (this called "wobble"). Isolated pits (address pits) are formed according to a certain rule on the land 
between the recording tracks 11 and 12 (this called "land pre-pits, LPP; Land Pre-Pit). Address information may be 
15 beforehand recorded with the land pre-pits. Incidentally, concave or convex pre-pits may be sometimes formed as 
needed other than the land pre-pits. It is also possible to reverse the direction of the wobble or modulate the frequency, 
thereby to record information. 
[0075] Next, each of the layers will be described. 

20 (1) With Respect To First Substrate 1 

[0076] It is desirable that the first substrate 1 has excellent optical characteristics, that is, the first substrate 1 is 
transparent, has small birefringence, and so force. It is also desirable that the first substrate 1 has excellent molding 
properties, that is, the first substrate 1 can be readily formed in injection molding. When the first substrate 1 has small 
25 hygroscopicity, such property is desirable because the warping can be decreased. 

[0077] Further, it is desirable that the first substrate 1 has shape stability so that the optical recording medium has 
some degree of rigidity. When the second substrate 2 has sufficient shape stability, the first substrate 1 is not required 
to have large shape stability. 

[0078] As such material, it is possible to use resins such as acrylic resins, methacrylic resins, polycarbonate resin, 
30 polyolefin resins (particularly, amorphous polyolefin), polyester resins, polystyrene resin, epoxy resin, and so forth, and 
glass. Alternatively, it is possible to provide a resin layer made from a radiation-setting resin such as a photo-setting 
resin or the like on the substrate made from glass or the like. Incidentally, "radiation" is a general term for light (ultraviolet 
radiation, visible radiation, infrared ray, etc.), electron beams, and the like. 

[0079] Meanwhile, polycarbonate is preferable from the viewpoint of optical properties, high productivity such as 
35 molding properties and the like, cost : low hygroscopicity, shape stability, etc. From the viewpoint of chemical resistance, 
low hygroscopicity and the like, amorphous polyolefin is preferable. From the viewpoint of high-speed responsibility 
and the like, a glass substrate is preferable. 

[0080] The first substrate 1 is preferably thin. It is preferable that the first substrate 1 has a thickness of not more 
than 2 mm, more preferably not more than 1 mm. The smaller the distance between the objective lens and the recording 
40 layer and the thinner the substrate, the smaller is coma abberations, which is advantageous to increase the recording 
density. To obtain sufficient optical properties, hygroscopicity, molding properties and shape stability, some degree of 
thickness is required. It is thus preferable that the thickness of the first substrate 1 is generally not less than 1 0 u,m, 
more preferably not less than 30 ujti. 

[0081] In order to well perform recording or reading on both of the first recording layer 2 and the second recording 
45 layer 5 in this optical recording medium, it is desirable to suitably adjust the distance between the objective lens and 
the both recording layers. For example, it is preferable to set the focus of the objective Jens at an almost intermediate 
point between the both recording layers because accesses to the both layers become easy. 

[0082] More concretely, in a single-sided DVD-R system, the distance between the objective lens and the recording 
layer is adjusted to be most suitable when the thickness of the substrate is 0.6 mm. 
so [0083] When this layer structure is compatible with a single-sided DVD-R, it is most preferable that the first substrate 
1 has a thickness obtained by subtracting a half of the film thickness of the intermediate resin layer 4 from 0.6 mm. If 
so, the approximately intermediate point between the both layers is approximately 0.6 mm, thus the focusing servo 
control can be readily performed on the both recording layers. 

[0084] When another layer such as a buffer layer, a protective layer or the like exists between the second recording 
55 layer 5 and the semitransparent reflective layer 3, it is most preferable that the first substrate 1 has a thickness obtained 
by subtracting a half of a sum of the thicknesses of that layer and the intermediate resin layer 4 from 0.6 mm. 
[0085] Concavities and convexities are formed spirally or concentrically on the first substrate 1 to form grooves and 
lands. Generally, with such grooves and lands as being recording tracks, information is recorded on or read from the 
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first recording layer 2. In the case of a so-called DVD disk on which recording or reading are »P"^ * 

a laser beam having a wavelength of 650 nm with an objective lens having a numerical aperture of 0.6 to o 65. the first 

rUoX C 2 generally termed in coating, so that the film of the second recording layer 2 is thick at the grooves, 

which is suitable for recording or reading. 1 that the convexitv 

[0086] in this optical recording medium, it is preferable that the groove of the f.rst substrate 1 , hate/ 
wrth respect to the direction of the incident light beam, is used as the record.ng track 11 . ^J^"^ he 
convexity are portions recessed and projecting in relation with the direction of ^^^^^^ 
width of the groove is about 50 to 500 nm, and the depth of the groove is about 10 to 250 nm. When the fording 
Sis spiral the track pitch is preferably about 0.1 to 2.0 am. The first substrate 1 may have concave or convex pits 

roo^ t^^Z^^^e to manufacture the substrate having such concavities and convex- 
iniSl moW^g from a stamper having concavities and convexities. When a resin layer made of a rad.ation- 
setting r^T^T P Lo-semn 9 resin or the like is formed on the substrate made from g.ass or the like, a concavity 
or a convexity such as a recording track or the like may be formed on the res.n layer. 

(2) With Respect To First Recording Layer 2 

ro0881 Generally, the sensitivity of the first recording layer 2 is almost equivalent to that of the recording layer used 
in a sinole-sided recording medium (for example, CD-R, DVD-R, DVD+R) or the l.ke. ~„ ontninQ 
^089] TnordVrtorealizeagoodreco^ 

a low-exothermatic dye having high refractive index. . . „ „ i<5 ore f erab |v 

100901 Further a combination of the first recording layer 2 and the sem. transparent reflective layer 3 is Preferably 
wi^n apprZate Ganges of the reflection, transmission and absorption of light, whereby the record.ng sens.hv.ty .s 
improved and the thermal interference at the time of recording is decreased. „ anMaint ~, 
0091] As such organic dye material, there are macrocyc.ic azaannulene type dyes (phtalocyan.ne dye. naphtalocy- 
Lninedve porphyrin dye, etc.), pyrromethene type dyes, polymethine type dyes (cyanine dye. merocyarune dye, squa- 
Hrium dye Z anthomquinonetype dyes, azulenium type dyes, meta, complex azo type dyes, metal complex .n- 

SrAto^helbove various organic dyes, meta. complex azo type dyes are ^^^^^ 
excellent recording sensitivity, durability and light resistance. Particularly, a compound represented by the following 
general formula (I) or (II) is preferable: 




(where rinos Ai and A2 are nitrogen-containing aromatic heterocyles, each of which can independently have a sub- 
ittuent rings B1 and B* are aromatic rings, each of which can independently have a substituent; and X : . > ar . alky, 
arouo having carbon number 1 to 6 substituted with at least two fluorine atoms). An organic dye used in the reco ding 

^8?*^* mentioned) of this optical recording medium preferably has the maximum absorpfon wavelength 
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10 



15 



20 



25 



X max within a range from the visible rays to the near infrared rays of approximately 350 to 900 nm, and is a dye 
compo r c suite to recording with a .aser of blue to near microwave. More preferable is a dye su,ted to recording wrth 
a near infrared laser (typically at 780 nm, 830 nm, etc.) used generally for CD-R, a red laser (typically at 635 ran. 650 
nm 680 nm, eta) at about a wavelength of 620 to 690 nm used for DVD-R, or a so-ca..ed blue iaser at a wave.ength 

[00 4 93°] Z possible to use one kind of dye, or mix two or more the same or different kinds of dyes and use thertK 
Further, it is possible to use together dyes suited for recording with a recording beam at a plurality ^aavaMnglha to 
realize an optical recording medium coping with recording with a laser beam in a plurality of wavelength bands. 
0094] The recording layer may contain a transition meta. chelate compound (for example, acetylacetonato chefcte 
bisphenyldithiol, salicjlaldehyde oxime, bisdithio- a -diketone or the like) as a singlet oxygen quencher .n order to 
Size the recording layer or improve the light resistance, or a recording sensitivity improving agent such as a metal 
system compound or the like in order to improve the recording sensitivity. Here, the meta. system compound ,s that a 
metal such as a transition metal or the like in the form of atom, ion. cluster or the like is contained In ^c™^£-As 
Teh metal system compound, there are. for example, organometa.lic compounds such as 

azomethine complexes phenylhydroxyamine complexes, phenanthroline complexes, d.hydroxyazobenzene complex- 
es ZZe complexes nitrosoaminophenol complexes, phyndy.triazine complexes, acetylacetonato complexes, met^ 
Socene complexes, porphyrin complexes, and the like. There is no limitation with respect to the metal atom, but a 

l^r^^er^Snd^'a leveling agent, an antiforming agent and the like may be together used to make the re- 
cording layer of this optical recording medium as required : As a preferable binder, there are po.y(v,ny. alcohol) poly 
(vinyl pyrrolidone), nitrocellulose, cellulose acetate, ketone resins, acrylic resins, polystyrene res.ns, urethane res.ns, 

^^SSZZZ SSS £ is not specifically limited because the su f ed film 
according to the recording method or the like. However, in order to obtain sufficient modu at.on amplitude, the film 
thickness is preferably not less than 5 nm, more preferably not less than 10 nm. and specifically preferably not less 
ha 20 nm, in general. However, the recording layer is required not to be excessively thick in order to appropriately 
pass through the light in this optica, recording medium. Accordingly, the film thickness of the recording layer ,s generally 
no argerthan 3 ,m. preferably not .argerthan 1 ,m, and more preferab.y not larger than 200 

of the recording layer differs from the groove to the land. In this optical recording medium, the film thickness of the 
30 recordina laver is at the groove of the substrate. 

00971 As the method of deposition of the recording layer, there can be applied a thin film deposition generally per- 
formed such as vacuum evaporation, sputtering method, doctor blade method, cast method spin coating dipping 
method or the like. From the standpoint of productivity and cost, spin coating is preferable. Vacuum evaporation ,s 
more preferable than coating method because it can yield a recording layer having even *«kne88. 
[00981 When the deposition is performed in spin coating, the rotation speed is preferably 1 0 to 1 5000 rpm. After the 
spin coating, a process of heating or applying solvent vapor or the like may be performed 

r00991 As a coating solvent used when the recording layer is formed in a coating method such as doctor blade 
method cast method spin coating, dipping method or the like, the type of solvent is not limited, thus any solvent can 
boused so long as it does not attack the substrate. For example, there are ketone alcohol type solvents such , as 
diaceton alcohol. 3-hydroxy-3-methyl-2-butanone and the like, cellosolve type solvents such as methyl cellosofve. ethyl 
cLlSve and t he J e , chtf n hydrocarbon type solvents suh as n-hexane, n-octane and the like nng 
solvents such as cyclohexane, methylcyclohexane, ethylcyclohexane, dimethylcyclohexane, n-butylcyclohexane tert- 
butylcyclohexane, cyclooctane and the like, pert luoroalkylalcoho. type so.vents such as tetraf luoropropanoh octaf luor- 
opentanol, hexaf.uorobutano. and the like, hydroxy carboxylic acid ester type solvents such as methyl lactate, ethyl 
45 lactate methvl 2-hydroxyisobutyric acid and the like, etc. 

Oioit Tthe case of vacuum evaporation, an organic dye is put in a crucible disposed inside a vacuum chamber 
Long with recording layer components such as various additives and the like as required, f or examp e, he Mns.de of 
the vacuum chamber is evacuated to about 1 0* to 1 0-5 Pa by an appropriate vacuum pump, after that, the crucible s 
heated to vaporize the recording layer components, and the recording layer components are depos.ted on the substrate 
so placed opposite to the crucible, whereby the recording layer is formed. 

(3) With Respect To Semitransparent Reflective Layer 3 

r0101l The semitransparent reflective Iayer3 is a reflective layer having some degree of light transmittance. Namely 
55 he semitransparent reflective layer 3 is a reflective layer which has small light absorption, a light transmittance of not 
less than 40 percent, and appropriate light reflectance (of not less than 30 percent, in general). For example, b> . pro- 
viding a thin metal film having high reflectance, it is possible to give appropriate transmittance. I .s ^^VnXtte 
semraansparent reflective layer 3 have some degree of corrosion resistance. Further, .t is des.rable that the sem.trans- 
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parent reflective layer 3 has shutting-off properties so that the first recording layer 2 is not affected by leaking of the 
upper layer (here the intermediate resin layer 4) of the semitransparent reflective layer 3. 

[0102] To secure high transmittance, the thickness of the semitransparent reflects layer 3 , .prefer ab y no .larger 
than 50 nm. in general. The thickness of the semitransparent reflective layer 3 ,s more preferably not larger than 30 
nm and sti.i morc preferab.y not larger than 20 nm. However, the semitransparent reflect ive «ayer 3 ,s requ, ed to be 
thick to some degree in orderto avoid an effect of the upper layer of the semitransparent reflective layer 3 on the first 
recording layer 2. Thus, the thickness of the semitransparent reflective layer 3 is generally not less than 3 nm, and 
more preferably not less than 5 nm. f ■■ 

[0103? As the materia, of the semitransparent reflective layer 3, it is possible to use, solely onn the form of alloy 
metals and semimetals such as Au, Al, Ag, Cu. Ti, Cr, Ni, Ft, Ta, Pd, Mg, Se, Hf , V, Nb, Ru W Mn Re Fe. C£ Rh Ir, 
Zn Cd Ga In Si Ge, Te, Pb, Po, Sn, Bi and rare earth metals, which have appropnately high reflectance at the 
wavSength of the reading beam. Among them, Au. Al and Ag have high reflectance, thus are suitable as the ^materia 
ofThe semitransparent reflective layer 3. The semitransparent reflective layer 3 may contain other component other 
than the above as being the main component. 

[0104] A materia, containing Ag as the main component is particularly preferable because of rts low cost and high 
reflectance. Here, the main component signifies a material contained not less than 50 Percent 
[0105] Since the semitransparent reflective layer 3 has thin film thickness, large crystal grains of cause 
reproduction noise. Thus, it is preferable to use a material having small crystal grains. Since pure s.lvertends to have 
larqe crystal grains, it is preferable to use Ag as in the form of alloy. 

0106] Particularly, it is preferable to contain Ag as the main component, and 0.1 to 15 atomic percent of at leas one 
Sement seiected from the group consisting of Ti, 2n, Cu, Pd, Au and rare earth metals. When two or ^m ore of Ti, Zn 
Cu, Pd, Au and rare earth metals are contained, each of these may be 0.1 to 15 atomic percent. However, the sum of 
these is preferably 0.1 to 15 atomic percent. „^ mi - 
[0107] A particularly preferable alloy composition is one that contains Ag as the main component, 0.1 to 15 atomic 
percent of at least one element selected from the group consisting of Ti, Zn, Cu, Pd and Au, and 0 1 t ,15 atom c 
percent of at least one rare earth element. Among the rare earth metals, neodymium is particularly preferable. In more 
concrete AqPdCu, AgCuAu, AgCuAuNd, AgCuNd, etc. are preferable. 

[01 08] As the semitransparent reflective layer 3, a layer made from only Au is preferable because ,t has small crystal 
arains and corrosion resistance, but it is more expensive than an Ag alloy. 

[0109] Alternatively, it is possible to use a layer made from Si as the semitransparent re lecture layer 3^ 
01 10 It is possible to stack, one on the other, a thin film having low reflectance and a thin film having high reflectance 
both made from materials other than metals to form multi-layers, and use them as the reflective layer. 
[011 iT As a method for forming the semrtransparent reflective layer 3, there can be applied for example, sputter ng^ 
ion olatinq chemical evaporation, vacuum evaporation, etc. It is possible to provide an inorganic or organic intermediate 
layer between the first substrate 1 and the first recording layer 2, and/or, the first recording .layer 
2 and the semitransparent reflective layer 3 in order to improve the reflectance, the recording performance and he 
adhesive properties. For example, it is possible that an intermediate layer (or an adhesive layer) the 
Tayer 2, and an intermediate layer (or the adhesive layer) and the semitransparent reflective layer 3 are stacked in the 
orier on the first substrate 1 to provide the intermediate layer (or the adhesive layer) between the first substrate 1 and 
the first recording layer 2, and to provide the intermediate layer (or the adhesive layer) between the first recording layer 
2 and the semitransparent reflective layer 3. 

(4) With Respect To Intermediate Resin Layer 4 

[01 1 2] The intermediate resin layer (resin layer) 4 is required to be transparent, and to allow grooves and pits to I m 
formed thereon with concavities and convexities. It is preferable that the intermediate resin layer 4 has strong adhewon 
and small shrinkage factor at the time that the intermediate resin layer 4 hardens and adheres, which gives stability to 

the shape of the medium. t t 

r0113] It is desirable that the intermediate resin layer 4 is made from a material that does not damage the second 
recording layer 5. The intermediate resin layer 4 is easily compatible with the second recording layer 5 because the 
ntermedlte resin layer 4 is generally made from a resin. For this, it is desirable to provide a buffer layer to be described 
ialer^etween the intermediate resin layer 4 and the second recording layer 5 in order to prevent the intermed.ate resm 
layer 4 from dissolving the second recording layer 5 and from giving damage thereto Ha m a n P tho 

roi 1 4] Further, it is desirable that the intermediate resin layer 4 is made from a matenal that does not damage the 
semitransparent reflective layer 3. It is possible to provide a buffer layer to be described later between the both layers 

CO-^T" ^n^optToar^ding medium, « is preferable to accurately control the film thickness of the intermediate 
resin layer 4. The film thickness of the intermediate resin layer 4 is preferably not less than 5 p. m, in general. It is 
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necessary to provide a certain degree of distance between the two recording layers in order to perform the focusing 
servo control separately on the two recording layers. The film thickness of the intermediate resin layer 4 is required to 
be generally not less than 5 u. m, and preferably not less than 10 u-m although it depends on the focusing servo mech- 
anism. Generally the distance between the two recording layers can be smaller as the objective lens has a larger 

5 numerical aperture. However, when the intermediate resin layer 4 is excessively thick, it takes a long time to adjust 
the focusing servo to the two recording layers and the objective lens has to be moved for a long distance, which is 
thus undesirable. Further, an excessively thick layer requires a long time to harden, which leads to a decrease in 
productivity. Accordingly, the film thickness of the intermediate resin layer 5 is preferably not larger than 100um 
[0116] Spiral or concentric concavities and convexities are formed on the intermediate resin layer 4 to form grooves 

10 and lands. Generally such grooves and lands are used as recording tracks to record or read information in or from the 
second recording layer 5. Since the second recording layer 5 is formed in coating, the film thereof is thick at the groove, 
thus suits for recording or reading. In this optical recording medium, it is preferable to use the groove of the intermediate 
resin layer 4, that is, the convex portion to the direction of the incident light beam, as the recording track 1 2. Here, the 
concave portion and the convex portion are a concave portion and a convex portion with respect to the direction of the 

15 incident light beam. Generally, the width of the groove is about 50 to 500 nm, and the depth of the same is about 10 
to 250 nm. When the recording track is spiral, the track pitch is preferably about 0.1 to 2.0 ujti. Concave or convex pits 
such as land pre-pits may be formed as required. 

[0117] It is preferable from the viewpoint of the cost that such concavities and convexities are manufactured by 
transferring the concavities and convexities from a resin stamper or the like having the concavities and convexities to 
20 a setting resin such as a photo-setting resin, and hardening the resin. Hereinafter, such method will be occasionally 
referred to as 2P method (Photo Polymerization method). 

[0118] As the material of the intermediate resin layer 4, available are radiation setting resins such as thermoplastic 
resins, thermosetting resins, electron beam setting resins, ultraviolet ray-curable resins (including retarded -curable 
type), etc., for example. Incidentally, "radiation" is a general term for light (ultraviolet rays, visible rays, infrared rays, 

25 . etc.), electron beams, and so forth. 

[0119] The intermediate resin layer 4 can be formed by dissolving a thermoplastic resin, thermosetting resin or the 
like in an appropriate solvent to prepare a coating liquid, applying the liquid, and drying (annealing) the liquid. In the 
case of a ultraviolet curable resin, the intermediate resin layer 4 can be formed by dissolving the resin as it is or 
dissolving the resin in an appropriate solvent to prepare a coating liquid, coating the coating liquid, and radiating ul- 

30 traviolet rays to cure the resin. There are various types of ultraviolet ray-curable resins. However, any one of them can 
be used so long as it is transparent. One of these materials can be used or some of them can be mixed together to be 
used. Not only single layer but also multiple layers are applicable. 

[0120] As the coating method, a coating method such as spin coating, cast method or the like is applicable, like the 
recording layer. Among them, spin coating is preferable. A resin having high viscosity can be coated in screen printing 
35 or the like. Use of a ultraviolet ray-curable resin that liquidizes at a temperature of 20 to 40° C is preferable because 
no solvent is necessary to coat the resin. It is preferable to prepare the resin so that the viscosity thereof is 20 to 4000 
mPa-s. 

[0121] As the ultraviolet ray-curable adhesives, there are radical type ultraviolet ray -curable adhesives and cation 
type ultraviolet ray-curable adhesives, both of which are usable. 

40 [0122] As the radical type ultraviolet setting adhesives, alt the known compositions are available. A composition 
containing an ultraviolet ray-curable compound and a photopolymerization initiator as essential ingredients is used. 
As the ultraviolet ray-curable compound, monofunctional (m eta) aery late or multifunctional (meta)acrylate is available 
as a polymeric monomer ingredient. These can be used solely, or two or more kinds of them can be used together. In 
this invention, acrylate and metaacrylate will be together referred to as (meta)acrylate. 

45 [0123] For example, the followings are the polymeric monomers that can be used for this optical recording medium. 
As monofunctional (meta)acrylate, there is, for example, (meta) acrylate or the like having, as the substituent, a group 
of methyl, ethyl, propyl, butyl, amyl, 2-ethylhexyl, octyl, nonyl, dodecyl, hexadecyl, octadecyl, cyclohexyl, benzyl, rneth- 
oxyethyl, butoxyethyl, phenoxyethyl, nonylphenoxyethyl, tetrahydrofurfuryl, glyci dy I, 2- hydroxy ethyl, 2-hydroxypropyl, 
3-chloro-2-hydroxypropyl, dimethylaminoethyl, diethylaminoethyl, nonylphenoxyethyltetrahydrofurfuryl, caprolactone 

50 denaturated tetrahydrofurfuryl, isobornyl, dicyclopentanyl, dicyclopentenyl, dicyclopentenyloxyethyl, or the like. 

[0124] As the multifunctional (meta)acrylates, there are di(meta)acrylates of 1 ,3-butylenegycol, 1,4-butanediol, 
1,5-pentanediol, 3-methyl-1 ,5-pentanediol, 1 ,6-hexanediol, neopentyl glycol, 1 ,8-octanediol, 1 ,9-nonanediol, tricyro- 
decandimethanol, ethylene glycol, polyethylene glycol, propylene glycol, dipropylene glycol, tripropylene glycol, poly- 
propylene glycol and the like, di(meta)acrylate of tris(2-hydroxyethyl)isocyan urate, di(m eta) acrylate of diole obtained 

55 by adding 4 or more moles of ethylene oxide or propylene oxide to 1 mole of neopentyl glycol, di (meta) acrylate of diole 
obtained by 2 moles of ethylene oxide or propylene oxide to 1 mole of bisphenol A, di or tri (meta) aery late of triol obtained 
by adding 3 or more moles of ethylene oxide or propylene oxide to trimethylolpropane, di(meta)acrylate of diol obtained 
by adding 4 or more moles of ethylene oxide or propylene oxide to 1 mole of bisphenol A, trimethylolpropanetri(meta) 
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(5) With Respect To Second Recording Layer 5 
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appropriate ranges of reflection and absorption of the light. Whereby, the recording sensitivity can be increased and 
the thermal interference at the time of recording can be diminished. ,_ fi „ t „^ rHi n„ 

[0138] The materials and deposition method of the second recording layer 5 are almost the same as the first recording 
layer 2, thus only the differences between them will be hereinafter described. 

5 [0139] The film thickness of the second recording layer 5 is not specifically limited because the suitable film thickness 
differs according to the recording method, etc. In order to obtain sufficient modulation amplitude, the film thickness of 
the second recording layer 5 is preferably not less than 10 nm in general, more preferably not less than 30 nm, and 
particularly preferab^ not less than 50 nm. However, the film is required not to be excessively thick in order to obtain 
appropriate reflectance, the film thickness is generally not larger than 3 u.m, preferably not larger than 1 urn, and more 

10 preferably not larger than 200 nm. „ r ma „ 

[01 40] The materials used for the first recording layer 2 and the second recording layer 5 may be the same or may 

differ from each other. 



15 



20 



(6) With Respect To Reflective Layer 6 

[0141] The reflective layer 6 is required to have high reflectance. It is desirable that the reflective layer 6 is highly 

ro U 142] e " in order to secure high reflectance, the thickness of the reflective layer 6 is preferably not less than 20 nm, 
in general, more preferably not less than 30 nm, and further preferably not less than 50 nm. In order to shorten the 
tact time of the production and decrease the cost, it is preferable that the reflective layer 6 is thin to some degree. 
Accordingly, the film thickness is generally not larger than 400 nm, and more preferably not larger than 300 nm. 
r0143] As the material of the reflective layer 6, it is possible to use, solely or in aform of alloy, metals having sufficiency 
high reflectance at a wavelength of the reading light such as Au, Al, Ag, Cu, Ti. Cr, Ni, Pt, Ta and Pd, for example. 
Among them, Au, Al and Ag are suitable for the material of the reflective layer 6 because they have high reflectance. 
25 other than these as the main compositions, the reflective layer 6 may contain the followings as other components. As 
examples of the other components, there are metals such as Mg, Se, Hf, V, Nb, Ru, W, Mn, Re, Fe, Co, Rh, Ir, Cu, Zn, 
Cd Ga In Si Ge, Te, Pb, Po, Sn, Bi and rare earth metals, and semimetals. 

[0144] ' A film containing Ag as the main component is particularly preferable because the cost thereof is low, it pro- 
vides high reflectance and a beautiful white ground color when a print accepting layer to be described later is further 
30 provided Here, "main component" signifies a component whose rate of content is not less than 50 percent. 

[01 45] In order to secure high durability (high corrosion resistivity) of the reflective layer 6, it is preferable to use Ag 
in the form of alloy rather than as pure silver. ♦ m ;_„, Q „t ~f 

[0146] Among the alloys, an alloy that contains Ag as the main component and contains 0.1 to 15 atomic percent of 
at least one element selected from the group consisting of Ti, Zn, Cu, Pd, Au and rare earth metals is preferable When 
the alloy contains two or more of Ti, Zn. Cu, Pd, Au and rare earth metals, each of them may be contained 0.1 to 15 
atomic percent. However, it is preferable that the sum of these is 0. 1 to 1 5 atomic percent. 

r0147l A particularly preferable composition of the alloy is that Ag is contained as the main component, 0.1 to 15 
atomic percent of at least one element selected from the group consisting of Ti, Zn, Cu. Pd and Au is contained, and 
0 1 to 15 atomic percent of at least one rear earth element is contained. Among rare earth elements, neodym.um is 
particularly preferable. More concretely, AgPdCu, AgCuAu, AgCuAuNd, AgCuNd or the like is preferable. 
[0148] As the reflective layer 6. a layer made from only Au is preferable because its high durability (high corrosion 
resistance), but is more expensive than a layer made from only an Ag alloy. 

[0149] It is possible to stack a thin film having low reflective index and a thin film having high reflective index, both 
of which are made from materials other than metals, one on the other to form a multilayer, and use it as the reflective 

[01 501 " As a method for forming the reflective layer 6, there are, for example, spattering, ion plating, chemical vapor 
deposition vacuum evaporation, etc. It is possible to provide a known inorganic or organic intermediate layer or an 
adhesive layer on the upper surface and the lower surface of the reflective layer 6 in order to improve the reflectance, 
recording performance, adhesive properties and so forth. 
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(7) With Respect To Adhesive Layer 7 



[0151] The adhesive layer 7 is not required to be transparent. High adhesion and small shrinkage of the adhesive 
layer 7 at the time that the layer is hardened and adhered brings stability of the shape of the medium, which is preferable. 
55 [01 52] It is preferable that the adhesive layer 7 is made from a material that does not damage the reflective layer 6. 
It is possible to provide a known inorganic or organic protective layer between the both layers in order to avoid the 
damage on the reflective layer 6. 

[0153] In this optical recording medium, the film thickness of the adhesive layer 7 is preferably not less than 2 p.m, 
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in general In order to obtain predetermined adhesion, some degree of film thickness is required. More preferably, the 
film thickness of the adhesive layer 7 is not less than 5 ujtv Generally, it is preferable that the film thickness of the 
adhesive layer 7 is not larger than 100 u.m in order to make the optical recording medium thin as much as possible. 
This is why a thick film requires a longer time to be hardened, which leads to a decrease in the productivity. 
[0154] The material of the adhesive layer 7 may be the same as the material of the intermediate resin layer 4, or 
may be a pressure sensitive double-sided tape or the like. By putting the pressure sensitive double-sided tape between 
the reflective layer 6 and the second substrate 8 and pressing them, the adhesive layer 7 can be formed. 



(8) With Respect To Second Substrate 8 

10 

[01 55] It is preferable that the second substrate 8 has shape stability so that the optical recording medium has some 
degree of rigidity. Namely, it is preferable that the second substrate 8 has high mechanical stability and large rigidity. 
It is also preferable that the second substrate 8 has large adhesion to the adhesive layer 7. 

[01 56] When the first substrate 1 does not have sufficient shape stability as above, the second substrate 8 is partic- 
15 ularly required to have large shape stability. In this viewpoint, it is preferable that the second substrate 8 has low 
moisture absorption. The second substrate 8 is not required to be transparent. The second substrate 8 may be a mirror 
substrate, and is not required to have concavities and convexities thereon. Thus, the second substrate 8 is not always 
required to have good transfer property in injection molding. 

[01 57] As such material, the same material as that used for the first substrate 1 can be used. Other than this, there 
20 can be used an Al alloy substrate containing Al as the main component such as an Al-Mg alloy or the like, an Mg alloy 
substrate containing Mg as the main component such as an Mg-Zn alloy or the like, a substrate made from any one 
of silicon, titanium and ceramics, or a substrate made by combining them. 

[0158] In the viewpoint of high productivity such as molding property and the like, cost low moisture absorption, 
shape stability, etc., polycarbonate is preferable. In the viewpoint of chemical resistance, low moisture absorption, etc., 

25 . amorphous polyolefin is preferable. In the viewpoint of high-speed responsibility, etc., a glass substrate is preferable. 
[01 59] In order to give sufficient rigidity to the optical recording medium, it is preferable that the second substrate 8 
is thick to some degree, having a thickness of not less than 0.3 mm. However, since a thinner second substrate 8 is 
more advantageous to make the recording/reading apparatus thinner, the thickness of the second substrate 8 is pref- 
erably not larger than 3 mm, and more preferably not larger than 1.5 mm. 

30 [0160] The second substrate 8 may be a mirror substrate not having concavities and convexities thereon. From the 
standpoint of easy production, it is preferable that the second substrate 8 is manufactured in injection molding. 
[0161] An example of a preferable combination of the first substrate 1 and the second substrate 8 is that the first 
substrate 1 and the second substrate 8 are made from the same material, and have the same thickness. By doing so, 
the rigidity of the first substrate 1 and the second substrate 8 are equivalent, which gives good balance. Whereby, the 

35 medium is prone not deform due to changes in environment, which is preferable. In which case, it is preferable that 
the degrees and directions of deformation of the both substrates brought when the environments change are in har- 
mony. 

[01 62] As another preferable example of the combination, the first substrate 1 is as thin as about 0.1 mm, whereas 
the second substrate 8 is as thick as about 1 .1 mm. By doing so, the objective lens can easily approach the recording 
40 layer, whereby the recoding density is easily increased. Accordingly, this is preferable. In this case, the first substrate 
1 may be in sheet-like shape. 

(9) With Respect To Other Layers 

45 [01 63] In this layered structure, another layer may be arbitrarily put in the layers as required. Alternatively, it is possible 
to arbitrarily provide another layer on the outermost surface of the medium. In concrete, it is possible to provide a buffer 
layer as an intermediate layer between the semitransparent reflective layer 3 and the intermediate resin layer 4, the 
intermediate resin layer 4 and the second recording layer 5, or the reflective layer 6 and the adhesive layer 7, for 
example. 

so [0164] The buffer layer is to prevent two layers from dissolving in each other and prevent the two layers from blending 
to each other. The buffer layer may have another function than the function of preventing the dissolving phenomenon. 
Further, still another intermediate layer may be put as required. 

[01 65] The material of the buffer layer is required to be immiscible with the second recording layer 5 or the interme- 
diate resin layer 4, and be optically transmittable to some degree. The known inorganic or organic material can be 
55 used for the buffer layer. In the viewpoint of the properties, an organic material is preferably used. For example, (1) 
metal or semiconductor, (2) oxide, nitride, sulfide, trisulfide, fluoride or carbide of metal or semiconductor, and (3) 
amorphous carbon orthe like are available. Amongthese, a layer made from an almost transparent dielectric substance, 
or a very thin metal layer (including alloy) is preferable. 
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[0166] In concrete, oxides such as silicon oxide, particularly, silicon dioxide, zinc oxide, cerium oxide : yttrium oxide 
and the like; sulfides such as zinc sulfide, yttrium sulfide and the like; nitrides such as silicon nitride and the like; silicon 
carbide; a mixture (trisulfide) of an oxide and sulfur; and alloys to be described later are preferable. A mixture of silicon 
oxide and zinc sulfide at a ratio of approximately 30:70 to 90:10 (weight ratio) is preferable. A mixture (Y 2 0 2 S-ZnO) 

5 of sulfur, yttrium dioxide and zinc oxide is also preferable. 

[0167] As the metal or alloy, silver or an alloy that contains silver as the main component and 0.1 to 15 atomic percent 
of at least one element selected from the group consisting of titanium, zinc, copper, palladium and gold is preferable. 
An alloy that contains silver as the main component and 0.1 to 1.5 atomic percent of at least one rare earth element is 
preferable, as well. As the rare earth element, neodymium, praseodymium, cerium or the like is preferable. 

10 [0168] Alternatively, any resin layer can be used so long as it does not solve the dye in the recording layer when the 
buffer layer is made. Particularly, a polymer film which can be manufactured in vacuum evaporation or CVD method 
is useful. 

[0169] The thickness of the buffer layer is preferably not less than 2 nm, and more preferably not less than 5 nm. 
When the buffer layer is excessively thin, prevention of the above mixing phenomenon tends to be insufficient. The 

15 thickness of the buffer layer is preferably not larger than 2000 nm, and more preferably not larger than 500 nm. Ex- 
cessive thick buffer layer is not only necessary for prevention of the mixing but also may cause a decrease in the optical 
transmission. When the layer is made from an inorganic substance, the film deposition of the layer takes a longer time, 
which causes a decrease in productivity, or the film stress is increased. Thus, the film thickness is preferably not larger 
than 200 nm. Particularly, since a film made from a metal excessively deteriorates the optical transmittance, the film 

20 thickness is preferably not larger than approximately 20 nm. 

[0170] A protective layer may be provided in order to protect the recording layer or the reflective layer. The material 
of the protective layer is not specifically limited but any material is available so long as it protects the recording layer 
or the reflective layer from the external force. As an organic material of the protective layer, there are a thermal plastic 
resin, a thermal setting resin, an electron beam setting resin, a ultraviolet ray-curable resin and the like. As an organic 

25 material of the protective layer, there are silicon oxide : silicon nitride, MgF 2 , Sn0 2 and the like. 

[0171] The protective layer can be formed by dissolving a thermal plastic resin, a thermal setting resin or the like in 
an appropriate solvent to prepare a coating liquid, and applying and drying the liquid. In the case of a ultraviolet ray- 
curable resin, the protective layer can be formed by preparing a coating liquid of the ultraviolet ray-curable resin itself 
or a coating liquid obtained by dissolving the ultraviolet ray-curable resin in an appropriate solvent, applying the coating 

30 liquid, irradiating U V light to set the liquid. As the ultraviolet ray-curable resins, there are acrylic resins such as urethane 
acrylate, expoxy acrylate, polyester acrylate, etc. These materials can be used solely or can be mixed to be used. 
Further, use of not only a single layer but also a multilayer is possible. 

[0172] As the method of forming the protective layer, there are coating methods such as spin coating, cast and the 
like, sputtering, chemical evaporation, etc. Among these, spin coating is preferable. 
35 [0173] ThefilmthicknessoftheprotectivelayerisgenerallywithinarangefromO.1 to 100u.m. In this optical recording 
medium, the film thickness of the protective layer is preferably from 3 to 50 u, m. 

[0174] A print accepting layer, on which writing (printing) is possible with various printers such as ink-jet printer, 
thermal printer and the like, or various writing tools, may be put on a surface that is not a surface through which the 
recording/reading beam comes in, as required. 
40 [0175] Alternatively, it is possible to bond two optical recording media having this structure, with the first substrate 
1 being on the outer side, to form a larger-capacity medium having four recording layers. 

[1-2] Optical Recording Medium of Type 2 

45 [0176] FIG. 2 is a sectional view of a typical optical recording medium (of type 2) according to this embodiment. 

[0177] The optical recording medium (bonded dual-layer DVD-R of a single-sided incident type) of type 2 according 
to this embodiment has a first recording layer (first recording layer first dye containing recording layer) 22 containing 
a dye, a semitransparent reflective layer (hereinafter referred to as a semitransparent reflective layer, first reflective 
layer) 23, a transparent adhesive layer (intermediate layer) 24, a buffer layer 28, a second recording layer (second 

50 recording layer, second dye containing recording layer) 25 containing a dye, a reflective layer (second reflective layer) 
26, a second substrate (second substrate) in a disk-like shape 27 in this order on a disk-like shaped, transparent (light- 
transmissible) first substrate (first substrate, first light-transmissible substrate) 21. The. optical beam is radiated from 
the side of the first substrate 21 to perform recording/reading. In this embodiment, "transparent" signifies "transparent" 
to the optical beams used for recording on or reading from the optical recording medium like the first embodiment. 

55 [0178] Namely, the single-sided incident DVD-R of a bonded dual-layer type has a first information recording body 
formed by stacking at least the first dye containing recording layer 22 containing a first dye and the semitransparent 
reflective layer 23 in order on the first substrate 21 having guide grooves, and a second information recording body 
formed by stacking at least the reflective layer 26 and the second dye containing recording layer 25 containing a second 
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dye in order on the second substrate 27 having guide grooves. This DVD-R is formed ^^^V^J^ 
the substrates of the first information recording body and the second informat.on recording body to each other, and 

ive recording tracks. The recording track may be the convex portion or the concave P°^" n ^^' " 
light beams used for recording or reading unless specifically mentioned. 

™hSL ,ZiMf 4 ot the laminated dual-layer DVD-R of the single-sided Incident type according to the first embed- 
^^IS^^Zi » f».m .he grooves end pits conc.vl.ies end convenes. IncidenWIy, the adeve 

sssr - sees 

2,™ d.p™. o 1g S Zlf, « » preferable me. the second eebeWde 27 has high meohanic.l sttP.l.h, and large 
doan, Xen t fiZibTal, 2, doS. no, have .uffici.h, ,hap. s,aoil«y, ,he seoend sabeaa,. 27 is ,e,t,,,ed,o y 

l^VTrZ^TJ^:,*, acch as acryiio resina. me.h.cry.c reside. 

po^LinTeiS (palulany amorphous po,yo.e,in), polyes.er r.ains, polys,yr.ne resin, epoxy resin and eo.orth. and 

On .he second subedale 27. cdncavMes and conv.xides are spirally or concenlricaily formed ,ofomr grooves 
t^reor fe lame arthe groove portion so that the groove portion is suitable for recording or read.ng^ It ,s P^rabtejn 

Te^^^oL approximately 0.1 to 2.0 ,m. The second substrate 27 may have concave/oonvex p,ts 

ro U 1 C 8 h 8l S RomZrn^o'cost, it is preferable that the second substrate 27 having such concavities and con- 
Ses isTde fmm a ? e P sin and manufactured in injection molding with a stamper having < ;onca 
We a re Jn.ayer made from a radiation setting resin such as a photo-setting resin or the. .kejs formed on the subs^ 
Tdy made from g.ass or the like, concavities and convexities for recording tracks or the hke may be formed on the 

raiwrAlthough this invention is suited to record data in a write-once optica, recording medium (DVD-R) having a 
Sl^L^w^g 'ay*' ^ing the above structure, this invention can be app.ied to an optica, record.ng medium 
ZlZ ^Zl ^cJo so .ong as it is an optica, recording medium (multilayer optica, record.ng med.um) having a 
o Record ng ,ayers. For example, this invention can be applied to a rewritable opfca. record.ng med,um(fc 
exempt DVD RW DVD + RW, DVD-RAM or the like) having a phase-change recording .ayer as be.ng , a Record ng 
faTeTm whteh a portion in the crystalline state is used as the unrecorded state/erased state, whereas a port.on m the 
layer .r , wh.c a portion * magneto-optical recording medium having a magnet.c record.ng 

^^T^^X^Z^^ mention can be app.ied to not oniy optica, recording media of the 
Llstrate surface incident type but a.so optica, recording media of a so-ca..ed fi.m surface .nc.dent type. 
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[2] Recording Apparatus for Optical Recording Medium 

[0190] Next, description will be made of a recording apparatus for the optical recording medium according to this 

embodiment with reference to FIG. 3. „_ .... _ 

r0191] As shown in FIG. 3, a recording apparatus (drive, writer) 250 for this optical record.ng medium comprises a 
spindle motor 252 driving an optical recording medium 251 to rotate the same, a semiconductor laser (laser light source) 
253 such as a laser diode (LD) or the like, a beam splitter 254, an objective lens 255, an optical pickup .257 including 
a photo-detector 256 such as a photo diode (PD) or the like, an amplifier 258 amplifying a signal detected by the optical 
pickup 257 a laser driver (driving unit; for example, driving circuit) 259 driving the semiconductor laser 253, and a 
control arithmetic unit 260 [including a CPU 260A and a memory (storing unit) 260B, for example]. 
T01 921 When a record instruction (write instruction) is inputted to the control arithmetic unit 260, the control arithmetic 
unit 260 outputs a control signal to the laser driver 259, and the laser driver 259 drives the semiconductor laser 253. 
Whereby the semiconductor laser 253 emits a laser beam (recording beam) to a desired record.ng layer of the optical 
recording medium 251 through the beam splitter 254, the objective lens 255, etc. to record data. 
[01931 in data recording, the quantity of light of the reflected light beam from the optical recording medium 251 is 
detected by the photo-detector 256 through the beam splitter 254, amplified by the amplifier 258, and inputted to he 
control arithmetic unit 260. The control arithmetic unit 260 optimizes the power of the laser beam outputted from the 
semiconductor laser 253, that is, the control arithmetic unit 260 performs the optimum power control (OPC). 
[0194] In this embodiment, "OPC" is required to only determine the optimum value, thus any method is available. 
The optimum value determined in the OPC is referred to as an OPC recording power. 

r01951 During the data recording, the control arithmetic unit 260 monitors the quantity of light of the returning light 
beam (reflected light; returning light of the recording beam) reflected by the optical recording medium 251 , and controls 
the recording power (laser power) so that a decrease in the quantity of reflected light beam at the time that a record.ng 
mark is formed is constant (that is, so that the asymmetry is constant) . 

[01 96] Recording in this optical recording medium (of the type 1 and the type 2) is performed by irradiating a laser 
beam converging to a diameter of approximately 0.5 to 1 urn on the recording layer from the side of the first substrata 
1 or 21 In a portion on which the laser beam is emitted, thermal deformation of the recording layer such as decompo- 
sition, exothermic reaction, dissolution, etc. occurs due to absorption of the. energy, of the laser beam, whereby the 
chemical properties thereof are changed. . „^ 

30 [0197] Reading of recorded information is performed by reading, with the laser beam, a d.fference in reflectance 
between a portion in which the optical properties have changed and a portion in which the optical properties rema.ns 

roTisT 9 Recording or reading are performed on each of the two recording layers in the following manner. Whether 
the converging position of the converged laser is on the first recording layer 2, 22 or the second record.ng layer 5, 25 
can be discriminated by using a focus error signal obtained in the knife edge method, astigmat.sm method Foucauit 
method or the like. Namely, when the objective lens for converging the laser beam is shifted in the vert.cal direction, 
a different S-shaped curve is obtained according to whether the focus position of the laser beam is on the first record.ng 
layer 2 22 or on the second recording layer 5, 25. It is possible to select the first recording layer 2, 22 or the second 
recording layer 5, 25 to be recorded or read by selecting which S-shaped curve is used for focusing servo 
[0199] In the optical recording medium of the type 1 , it is preferable that concavities and convexities are formed on 
the first substrate 1 and the intermediate resin layer 4, and the convex portion of the first substrate 1 and the convex 
portion of the intermediate resin layer 4 are used as recording tracks to perform recording or reading, as shown in FIG. 
1 Since the dye recording layer is generally formed in coating, the film thereof is thick at the groove, which is thus 
suitable for recording or reading. In the optical recording medium of the type 1 , it is preferable that the groove, that is, 
the convex portion to the direction of the incident light beam, of the first substrate 1 is used as a record.ng track 11 , 
whereas the groove, that is, the convex portion to the direction of the incident light beam, of the intermediate resin 

layer 4 is used as a recording track 12. ...... ,„ mori „„ 

[0200] I n the optical recording medium of the type 2, it is preferable that concavities and convexities are formed on 
the first substrate 21 and the second substrate 27, and the convex portion of the first substrate 21 and the concave 
portion of the second substrate 27 are used as recording tracks to perform recording or reading, as shown in FIG. 2. 
incidentally, there is a case where the polarity of the tracking servo control on the first recording layer 22 is opposite 
to that of the tracking servo control on the second recording layer 25. In the optical recording medium of the type 2 it 
is preferable that the groove, that is, the convex portion to the direction of the incident light beam, of the first substrate 
21 is used as a recording track 31 , whereas the groove, that is the concave portion to the direction of the incident light 
55 beam, of the second substrate 27 is used as a recording track 32. 

[0201] As the laser beam used for this optical recording media (of the type 1 and the type 2), N 2 , He-Cd, Ar, He-Ne, 
ruby, semiconductor, dye laser, etc. are available. Among these, the semiconductor laser is preferable because of its 
light weight, compactness, facility, etc. 
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[0202] It is preferable that the wavelength of the used laser beam is as shorter as possible for the purpose of high- 
density recording. Particularly, the laser beam having a wavelength of 350 to 530 nm is preferable. As a typical example 
of such laser beam, there are laser beams having center wavelengths of 405 nm 410 nm and 515 nm. 
[0203] An example of the laser beam having a wavelength within a range from 350 to 530 nm can be obtained by 

5 using a 405 nm or 410 nm blue high-power semiconductor laser or a 515 nm bluish green high-power semiconductor 
laser. Other than these, the laser beam can be obtained by wavelength-modulating, by means of a second harmonic 
generating element (SHG), either (a) a semiconductor laser that can continuously oscillate fundamental oscillation 
wavelengths of 740 to 960 nm, or (b) a solid state laserthat is excited by a semiconductor laser to be able to continuously 
oscillate fundamental oscillation wavelengths of 740 to 960 nm. 

10 [0204] As the above SHG, any piezo element lacking inversion symmetry is usable, but KDP, ADP, BNN, KN, LBO 
and compound semiconductors are preferable. As practical examples of the second harmonic wave, there are 430 nm 
which is a double of 860 nm in the case of a semiconductor laser having a fundamental oscillation wavelength of 860 
nm, 430 nm which is a double of 860 nm from Cr-doped LiSrAIF 6 crystal (having a fundamental oscillation wavelength 
of 860 nm) in the case of a solid laser excited by a semiconductor laser, etc. 

15 

[3] Recording Method for Optical Recording Medium 

[0205] Next, description will be made of a process (recording method for the optical recording medium) carried out 
by executing a predetermined program by the control arithmetic unit 260 of the recording apparatus 250 for the optical 

20 recording medium structured as above with reference to FIG. 4. 

[0206] When data is recorded in the above dual-layer DVD-R of the single-sided incident type (refer to FIGS. 1 and 
2), data is first recorded in the second recording layer 5 (25) far from the surface from which the laser beam comes in, 
data is then recorded on the first recording layer 2 (22) close to the surface from which the laser beam comes in. 
[0207] In the recording apparatus 250 for this optical recording medium, recording conditions such as a recording 

25 recommended power and the like which are recorded, in relation with layer information on each of the recording layers 
2 and 5 (22 and 25), in the optical recording medium 251 are read out according to an instruction from the control 
arithmetic unit 260 before recording on the optical recording medium 251 is performed (for example, when the medium 
is loaded to the apparatus), The recording conditions are related to the layer information on each of the recording 
layers 2 and 25 (22 and 25) and stored in the memory 260B. 

30 [0208] As shown in FIG. 4, when a record instruction is inputted to the recording apparatus 250 for the optical re- 
cording medium from a computer such as a personal computer or the like (or through an input unit such as a button 
equipped to the drive thereof), the control arithmetic unit 260 captures recording data (recording pulses, continuous 
data) sent from the personal computer or another equipment, for example, and divides it into a portion to be recorded 
on the first recording layer 2 (22) and a portion to be recorded on the second recording layer 5 (25). This function of 

35 the control arithmetic unit 260 is referred to as a data dividing unit. 

[0209] Namely, the continuous data sent to be recorded on the optical recording medium 251 having two recording 
layers 2 and 5 (22 and 25) is divided into a first half continuous data and the latter half continuous data. Here, the first 
half continuous data is assigned as a portion to be recorded on the first recording layer 2 (22) close to the side from 
which the incident light beam comes in, and the latter half continuous data is assigned as a portion to be recorded on 

40 the second recording layer 5 (25) far from the side from which the incident light beam comes in. 

[0210] The control arithmetic unit 260 controls the optical pickup 257 to perform the focusing servo control on the 
first recording layer 2 (22), thereby to perform the optimum power control on the power (laser power) of a laser beam 
outputted from the semiconductor laser 253 through the laser driver 259 (step S20). Here, the control arithmetic unit 
260 reads out the recording recommended power from the memory 260B on the basis of the layer information on the 

45 first recording layer 2 (22), and performs the OPC on the basis of the recording recommended power read out. This 
function of the control arithmetic unit 260 is referred to as an optimum power control unit. 

[021 1 ] Namely, in order to perform trial writing in the power calibration area (PCA recording power calibration area) 
set on the first recording layer 2 (22) on which the focusing servo control has been performed, with different laser 
powers, the control arithmetic unit 260 controls the optical pickup 257 to adjust the laser power to the optimum power 
so (optimum recording power, OPC recording power) to the first recording layer 2 (22). The control arithmetic unit 260 
then stores the optimum power (a laser current value corresponding to the optimum power) to the first recording layer 
2 (22) obtained by performing the OPC in the memory 260B. 

[0212] Next, the control arithmetic unit 260 controls the optical pickup 257 to perform the focusing servo control on 
the second recording layer 5 (25), thereby to perform the optimum power control (OPC) on the power (laser power) of 
55 the laser beam outputted from the semiconductor laser 253 through the laser driver 259 (step S30). Here, the control 
arithmetic unit 260 reads out the recording recommended power from the memory on the basis of the layer information 
on the second recording layer 5 (25), and performs the OPC on the basis of the recording recommended power read 
out. This function of the control arithmetic unit 260 is referred to as an optimum power control unit. 



18 



EP 1 575 035 A1 



r0213l Namely in order to perform trial writing in the PCA set on the second recording layer 5 (25) on which the 
focusing servo control has been performed, with different laser powers, the control arithmetic unit 260 controls the 
optical pickup 257 to adjust the laser power to the optimum power (optimum recording power, OPC recording power) 
to the second recording layer 5 (25). The control arithmetic unit 260 then stores the optimum power (a laser current 
5 value corresponding to the optimum power) to the second recording layer 5(25) obtained by performing the OPC in 

[0214] m Since the OPC recording powers to the respective recording layers 2 and 5 (22 and 25) are set at the above 
steps S20 and S30, these steps are referred to as an OPC recording power setting step. 

r0215] After the OPC is performed on all the recording layers [here, the first recording layer 2 (22) and the second 
10 recording layer 5 (25)], data is recorded on the recording layers 2 and 5 (22 and 25). As described above, the data is 
first recorded on the second recording layer 5 (25), then continuously recorded on the first recording layer 2 (22). 
r0216] The control arithmetic unit 260 reads out the optimum power to the second recording layer 5 (25) stored in 
the memory 260B, drives the semiconductor laser 253 through the laser driver 259, controls the recording power of 
the semiconductor laser 253 to the optimum power (a laser current value corresponding to the optimum power) to the 
is second recording layer 5 (25), and records the latter half continuous data on the second recording layer 5 (25) (step 
S40) This function of the control arithmetic unit 260 is referred to as a data recording unit. 

[0217] When continuously performing a recording on the first recording layer 2 (22) after the recording on the second 
recording layer 5 (25), the control arithmetic unit 260 controls the recording power of the semiconductor laser 253 to 
a recording power (a laser current value corresponding to the recording power) at the time of a start of the recording 

20 on the first recording layer 2 (22), and records the first half continuous data on the first recording layer 2 (22). 

r0218] The above recording apparatus and recording method have an advantage that the recording power to be 
used when data is recorded on the recording layers 2 and 5 (22 and 25) can be accurately adjusted to attain good 
recording As a result, when data is continuously recorded on the recording layers 2 and 5 (22 and 25) of the optical 
recording medium 251 having a plurality of recording layers 2 and 5 (22 and 25), for example, it is possible to cany 

25 out qood recording on each of the recording layers 2 and 5 (22 and 25). 

T0219] In the above description, recording on the first recording layer 2 or 22 is performed after recording on the 
second recording layer 5 or 25 is performed. However, it is possible that the recording on the second recording layer 
2 or 25 is performed after recording on the first recording layer 2 or 22 is performed, as a matter of course. 



30 



[4] Area Structure of Optical Recording Medium and Optimization of Recording Power 



r0220] When a laser beam is irradiated from the side of the first substrate 1 or 21 to perform recording on a medium 
the recording is first performed on the first recording layer 2 or 22, and the recording on the second recording layer 5 
or 25 is started when a recordable area in the recording layer 2 or 22 is consumed. 
35 r02211 Hereinafter, description will be made of the area structure and the receding power (intensity) optimization in 
the case where recording is performed from the inner peripheral side toward the outer peripheral side of the second 
recording layer 5 or 25 after recording is performed from the inner peripheral side toward the outer peripheral side of 
the first recording layer 2 or 22. 

r0222] In this optical recording medium, optimization (OPC) of the recording power of the laser beam for each re- 
40 cording layer is performed, using the power calibration area (PCA) before the recording is actually started on each 

tOMTArshown in FIG. 5(A), a predetermined area 51, a PCA 52, a user data area 53 are arranged on the first 
recording layer 2 or 22 of this optical recording medium from the inner peripheral side toward the outer penpheral side 

45 [0224] d ' S On the second recording layer 5 or 25, a PCA 61 , a predetermined area 62 and a user data area 63 are 
arranged from the inner peripheral side toward the outer peripheral side of the disk. 

[0225] In each of the user data area 53 and 63, a lead-in area, an information recording area, a lead-out area, etc. 

r0226] IU< As d shown in FIG. 5(B), the PCA 52 of the first recording layer 2 or 22 is divided into an OPC area 52a for 
50 performing trial writing by irradiating the laser beam, and an OPC management area 52b for recording the number of 
times the trial writing has been performed, etc. Each of the areas 52a and 52b consists of a plurality of partitions and 
one partition (2418 bytes) is used for one OPC process in each of the areas 52a and 52b. The partitions in the OPC 
area 52a are used from the outer peripheral side toward the inner peripheral side, whereas the partitions in the OPC 
management area 52b are used from the inner peripheral side toward the outer peripheral side, for example. 
55 r0227] When recording is performed on the first recording layer 2 or 22 with a laser beam, trail writing is performed 
by irradiating laser beams having various powers on one partition in the OPC area 52a, reading of the records wntten 
on trails is repeated, a recording power of the laser beam with which reading can be performed most appropriately is 
determined and the state of use of the OPC area 52a such as the number of times trial writing has been performed, 
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etc is recorded in one partition in the OPC management area 52b. trifl , writina 

m 2 281 The PCA 61 oUhe second recording layer 5 or 25 is divided into an OPC area 61 a for perform. ng ^wnting 

inner peripheral side toward the outer peripheral side, whereas the partitions in the OPC management area 61b are 
used from the outer peripheral side toward the inner peripheral side, for example 

m 2 29] When recording is performed on the second recording layer 5 or 25 wrth a laser beam, aser beams hav.ng 
larfous powers are emitted on one partition in the OPC area 61 a to perform trial writing, reading ^™££££ 
on trails is repeated a recording power of the laser beam with which reading can be performed ™ s } a W r0 P™ 1 ^ ' S 
^ItrSSS state of use of the OPC area 61 a such as the number of times trail wntmg has been performed, 
etc. is recorded in one partition in the OPC management area 61a. ro( , nrHe H «tat^ where 

ra2301 The predetermined area 62 in the second recording layer 5 or 25 is ,n the state ^™ ec ° rde « s ™%™™l e . 
S is ^reco P rd e T,n this optical recording medium, since recording on the second recording layer! 5 or 25 « > perfomned 
arte recording on the first recording layer 2 or 22 is competed as stated above .the second recordrng layer 5 or 25 is 
in ,k« ,,n recorded state when recording is performed on the first recording layer 2 or 22. For this, by maxing me 
preoete^ed t^T^u^ecoJ* state like the second recording layer 5 or 25, it is possible to perform the 
OPC SoTess on the first recording layer 2 or 22 in a state closer to the practical recording condrt.ons 

sT^he recorded state iike the flit recording layer 2 or 22, it is possib.e to perform the OPC process on the second 
r^rHino laver 5 or 25 in a state closer to the practical recording conditions. 

S When the applied medium is a DVD-R it is preferable that a record in conformity with EFM + that 
Sd for DVD R is recorded in the predetermined area 51 . For example, the length of a mark or a space s pref erably 
S a range of 5? t^4T when the'reference clock cycle of recording is T, and a ratio of mark to space ,s preferab* 
0 9 to ? 1 and more preferably 1 .0 (that is, 50% duty). As this, it is preferable that the recbrd ,s recorded in the same 
method as the recordinq method generally used for data recording on the applied medium. Qr , llfQ „ 
m 2 33] Recording in the predetermined area-51 may be performed by the manufacturer when the disk is manufae- 

^p^iSS^I in the first recording layer 2 or 22 is already recorded before the first OPC process for 

[0234] as _ims opuca a dj , 2 or 22 before recording on the first recording layer 2 or 22 is 

Sa P rted°Tt this t me the tltT^or^rtl 25 covered wrth the OPC area 52a of the first records , layer 2 
or 22 when looked rom the laser beam is in the un-recorded state. Accordingly, it is possible to perform the OPC 

Sinatver 5 oVSis pertormed in the PCA 61 of the second recording layer 5 or 25. At this time, the first recording 
ZZTor 2^ovedapp1nq on thi oPC area 61a of the second recording layer 5 or 25 when looked from the iaser beam 
sin th 7ofeZTs^-Z!ZZ^. Accordingly, it is possib.e to perform the OPC process for the second recording 
,ayer 5 or 25 in a state closer to the actua. recording state, whereby the optimum recording power to the second 

52a oi the fill recording layer 2 or 22, it is possible to perform the OPC process for the second recording laye 
l^SZouVXZ ^y'the recording — o/the OPC area 52a of the first wording layer 2 or 22. Accordingly, rt 
is possible to determine the optimum recording power to the second recording layer 5 or 25. as we 
02381 It is of course possible to beforehand record a recommended recording power of the laser beam in the 
Kn a stldTove'ln concrete, a recommended recording power value for each of the recording layers 2 ^and 
S STnd tlSl recorded with wobble of the recording track. Alternatively, it is possible to record the recommended 
fiordina oowlr value 2th pre-pits (land pre-pits) or the like in an area (not shown) formed between the recording 
management area ^11^ formed between PCA and lead-in area (not shown)] of each of the recording layers 
2 and 5 and 25) The recommended recording power value recorded as this is referred when the OPC process ,s 
performed, whereby the optimum recording power can be determined more quickly. 
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[0239] In this embodiment, the second recording layer 5 or 25 covered with the OPC area 52a of the first record.ng 
layer 2 or 22 is in the un-recorded state. However, it is preferable that at least a part of the second record.ng layer 5 
or 25 is in the un-recorded state. The first recording layer 2 or 22 overlapping on the OPC area 61a of the second 
recording layer 5 or 25 is in the previously-recorded state. However, it is preferable that at least a part of the first 
recording layer 2 or 22 is in the previously-recorded state. 

[0240] In this embodiment, recording on the second recording layer 5 or 25 is performed after recording on the first 
recording layer 2 or 22 is completed. However, it is possible to perform recording on the first record.ng layer 2 or 22 
after recording on the second recording layer 5 or 25 is completed. 

[0241] In which case, since the first recording layer 2 or22 is in the un-recorded state when record.ng on the second 
recording layer 5 or 25 is performed, it is preferable that the predetermined area 51 of the first recording layer 2 or 22 
is in the un-recorded state. By doing so, it becomes possible to perform the OPC process for the second record.ng 
layer 5 or 25 in a state closer to the actual recording conditions, and determine the optimum power to the second 

recording layer 5 or 25. .. 
[0242] Since the second recording layer 5 or 25 is in an already-recorded state when recording on the f .rst record.ng 
layer 2 or 22 is performed after recording on the second recording layer 5 or 25 is completed, it is preferable to make 
the predetermined area 62 of the second recording layer 5 or 25 be in the previously-recorded state. By doing so, it 
becomes possible to perform the OPC process forthe first recording layer 2 or 22 in a state closer to the actual record.ng 
conditions, and determine the optimum power to the first recording layer 2 or 22. 

[0243] As shown in FIG. 5(A), it is preferable that the PCAs 52 and 61 are arranged at positions close to positions 
at which recording is started because the laser beam can access there more easily. However, it is alternatively possible 
to arrange the PCAs 52 and 61 on the outer peripheral side of the user data areas 53 and 63, together with the pre- 
determined areas 51 and 62. In which case, it is preferable that recording on the first recording layer 2 or 22 and the 
second recording layer 5 or 25 is performed from the outer peripheral side toward the inner peripheral S1 de in order to 
allow the laser beam to access there easily. 

[0244] Still alternatively, it is possible to arrange the PCAs 52 and 61 , and the predetermined areas 51 and 62 on 
both the inner peripheral side and the outer peripheral side, or arrange a plurality of PCAs and a plurality of predeter- 
mined areas in the raidial direction. 

[5] Another Recording Method for Optical Recording Medium 

[0245] Hereinafter, description will be made of another recording method for the optical recoding medium according 
to this embodiment, that is, a process performed by executing a predetermined program by the control arithmetic un.t 
260 of the recording apparatus 250 for the optical recording medium structured as above, with reference to FIGS. 8, 
9(A), 9(B), 10(A) and 10(B). , , . 

[0246] Here the description will be made by way of example where data is recorded in the above dual-layer, single- 
sided incident type DVD-R (refer to FIGS. 1 and 2), the data is recorded on the second record.ng layer 5(25) far from 
the side from which the laser beam comes in, the data is then continuously recorded on the first recording layer 2 (22) 
close to the side from which the laser beam comes in. Incidentally, "continuously recording" signifies that a time interval 
between an end of the recording on the first recording layer 2 (22) and a start of the recording on the second recording 
layer 5 (25) is not considerable (within a predetermined time; for example, within 10 minutes, preferably within 5 mm- 
ut&s^ 

[0247] In this recording apparatus 250 for the optical recording medium, recording conditions such as recording 
recommended powers and the like, which are recorded in relation with the layer information on the record.ng layers 2 
and 5 (22 and 25) in the optical recording medium 251 , are read out according to an instruction from the control anth- 
metic unit 260 before the recording on the optical recording medium 251 is performed (for example, when the medium 
is loaded), and the recording conditions are related with the layer information on each of the record.ng layers 2 and 5 
(22 and 25) and stored in the memory 260B. 

[0248] As shown in FIG. 8, when a record instruction is inputted from, for example, a computer such as a personal 
computer (or through an input unit such as a button equipped to the drive itself) to this recording apparatus 250 forthe 
so optical recording medium, the control arithmetic unit 260 captures data to be recorded (recording pulses, cont.nuous 
data) send from, for example, the personal computer or another equipment, and divides the data into a portion to be 
recorded on the first recording layer 2 (22) and a portion to be recorded on the second record.ng layer 5 (25) (step 
A1 0) This function of the control arithmetic unit 260 is referred to as a data dividing unit. 

[0249] In other words, continuous data sent to be recorded on the optical recording medium 51 having two recording 
55 layers 2 and 5 (22 and 25) is divided into a first half continuous data and the latter half continuous data. Here, the first 
half continuous data is to be recorded on the first recording layer 2 (22) close to the side from which the incident light 
beam comes in, whereas the latter half continuous data is to be recorded on the second recording layer 5 (25) farfrom 
the side from which the incident light beam comes in. 
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r02501 Next the control arithmetic unit 260 controls the optical pickup 257 to perform the focus.ng servo. control for 
he first receding layer 2 (22). and performs the optimum power control (OPC) on the power of a laser beam outputted 
mm the semSductor laser 253 through the laser driver 259 (step A20). Here, the control arrthmetic unit 260 reads 
ouuhe^ 

laye?2 (22) and perfZs the OPC on the basis of the recording recommended power read out. Th.s funct.on of the 

control arithmetic unit 260 is referred to as an optimum power control unit. 

f025n border to perform trie, writing with different laser powers in the power calibration areas (PCA, recordmg 
power calibration areas) arranged on both the inner peripheral side (in an inner penpheral portion) and the ou er pe- 
ripherside (in an outer peripheral portion) of the data recording area of the first ^^J^^Z 
focusina servo control has been performed, the control arithmetic un.t 260 controls the optical pickup 257 to adjust he 
Le powerTo the optim um powe'r (optimum recording power. OPC recording power) suited to the first r^ord.ng teyer 
2 (22) The control arithmetic unit 260 stores the optimum power (a laser current value corresponding to the opt.mum 
power) to the first recording layer 2 (22) obtained by performing the OPC in the memory 260B. nHtheftlltpr 
mS Meanwhile, the OPC is performed in each of the PCAs provided on the inner penphera s-de and the omer 
peripheral side of the data recording area of the first recording layer 2 (22). However, .t is possible tc ' P^orm the OPC 
^ only the PCA arranged on the inner peripheral side of the first recording layer 2 (22), or only ,n the PCA arranged 
on the outer peripheral side of the first recording layer 2 (22), for example. 

°02531 Next the control arithmetic unit 260 controls the optica, pickup 257 to perform the focus.ng servo control fo 
ne second recording layer 5 (25), thereby to perform the optimum power control (OPC) on the power (laser power o 
e aser "beam outputted from the semiconductor laser 253 through the laser driver 2SE , (ste ^30) ^.^he contm 
arithmetic unit 260 reads out the recording recommended power from the memory 260B on the bas.s of the layer 
fnfola on on the second recording layer 5 (25), and performs the OPC on the basis of the 
power read out. This function of the control arithmetic unit 260 is referred to as an opt.mum power control I u n rt 
[0254] in order to perform trial writing with different powers in the PCAs arranged on both the .nner P e 
and the outer peripheral side of the data recording area of the second recording layer 5 (25) on wh.ch the focus.ng 
^o control has been performed, the control arithmetic unit 260 controls the optica, p.ckup 57 tc ^adjust the laser 
power to the optimum power (optimum recording power. OPC recording power) to the sec ° nd ^ h 0rd ^' a ^ r D 5 S 
The control arrthmetic unit 260 stores the optimum power (a laser current value corresponding to the opfmum power) 
to the second recording layer 5 (25) obtained by performing the OPC in the memory 260B. riQQn Hth» 
30 0255] Meanwhile, the OPC is performed in each of the PCAs arranged on both the -nner pe nphe ra. and the 
outer peripheral side of the second recording layer 5 (25). However, this invent.on .s not l.mrted to th.s. It is ^ernat.vely 
poss bTt P o perform the OPC in only the PCA arranged on the inner peripheral side of the second re C ord.ng ayer 5 
(25) or only in the PCA arranged on the outer peripheral side of the second record.ng layer -5 ^(25), for example. 
0256T Since the OPC recording powers for the respective recording layers 2 and 5 (22 and 25) are set at the above 
steos A20 and A30, these steps are referred to as an OPC recording power setting step. 

P257] According to this embodiment, data is recorded on the recording layers 2 and 5 (22 and 25) after the OPC. 
performed on all the recording layers [here, the first recording layer 2 (22) and the second recording H«. 
the data is first recorded on the second recording layer 5 (25). then continuously recorded on the f.rst record.ng layer 

TOMS] First the control arithmetic unit 260 reads out the optimum power to the second recording layer 5 (25) stored 
n me memory 260B, drives the semiconductor laser 253 through the laser driver 259. controls the record.ng powe of 
L ..Z^uL laser 253 to the optimum power (a laser current value corresponding to the opt. mum power) to the 
second recording layer 5 (25), and records the latter half continuous data on the second record.ng layer 5 (25) from 
thTouter peripheral side toward the inner peripheral side (step A40). This function of the control ar.thmet.c un,t 260 .s 

45 ST a running OPC is performed during the data recording. Namely the control 

ar thmetic unit 260monitors the quantity of light of the returning light beam (reflected light, returning hght* record.ng 
beam) reflected by the optical recording medium 251 during the record.ng on the second record.ng I aye 5 (25), and 
coTols the recording power (laser power) to make the decrease in the quantity of reflected l.ght beam (the quanUy 
7a change in the quantity of reflected light) during recording of marks constant (that s, the asymmetry constant^ 
Whereby recording with the optimum asymmetry becomes possible. This funct.on of the control ar.thmet.c un.t 260 .s 

roiof Fl£! 9 (A)""' a 9 dSgramshowing a relationship between positions in the radial direction on the optical recording 
medium 251 and laser cuLnt values supplied to the semiconductor .aser 253 at the time that the runn.ng , OPC is 
performed. In FIG. 9(A), a laser current value corresponding to the optimum power (OPC record.ng power) obta.ned 

ioSirWhenlhem^nlngOPC is performed during data recording on the optica, recording medium 251 from the 
inner peripheral side toward the outer peripheral side, the laser current value suppl.ed to the sem^onductor laser 253 
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tends to be gradually increased, as shown in FIG. 9(A). 

[0262] If the recording is performed while the running OPC is performed, the actual laser current value supplied at 
positions on the side that the data recording is ended (here, on the outer peripheral side of the optical recording medium 
251 ) is larger than the laser current value lope corresponding to the optimum power (OPC recording power) obtained 
5 in the OPC. 

[0263] FIG. 9(B) is a diagram showing a relationship between positions in the radial direction on the optical recording 
medium 251 and recording powers (laser powers) of the laser beam outputted from the semiconductor laser 253 at 
the time that the running OPC is performed. In FIG. 9(B), the optimum power (OPC recording power) obtained in the 
OPC is denoted by Pope. 

10 [0264] If the running OPC is performed during the data recording on the optical recording medium from the inner 
peripheral side toward the outer peripheral side, the recording power (laser power) of the laser beam outputted from 
the semiconductor laser 253 tends to be gradually increased, as shown in FIG. 9(B). 

[0265] If recording is performed while the running OPC is performed, the actual recording power at positions on the 
side that the data recording is ended (here, the outer peripheral side of the optical receding medium 251) is larger than 
15 the optimum power (OPC recording power) Pope obtained in the OPC. incidentally, since the feedback control is per- 
formed on the basis of the quantity of the reflected light in the running OPC, the asymmetry is constant when the 
recording is performed while the running OPC is performed. 

[0266] Since the actual recording power (actual laser current value) changes relative to the optimum power (OPC 
recording power) Pope (laser current value lope corresponding thereto) obtained in the OPC when the running OPC 
20 is performed, the recording power (laser current value) for the first recording layer 2(22) is set in a manner to be 
described later to be used when the recording is started. 

[0267] The running OPC is not always necessary although the running OPC is performed here. 
[0268] FIG. 1 0(A) is a diagram showing a relationship between positions in the radial direction on the optical recording 
medium 251 and laser current values supplied to the semiconductor laser 253 at the time that the running OPC is not 
25 . performed. In FIG. 10 (A), the laser current value corresponding to the optimum power (OPC recording power) obtained 
in the OPC is denoted by lope. 

[0269] If the running OPC is not performed during data recording on the optical recording medium from the inner 
peripheral side toward the outer peripheral side, the laser current value supplied to the semiconductor laser 253 is 
constant, as shown in FIG. 10(A). 
30 [0270] For this, the actual laser current value supplied at positions on the side that the data recording is ended (here, 
the outer peripheral side of the optical recording medium 251) is equal to the laser current value lope corresponding 
to the optimum power (OPC recording power) obtained in the OPC. 

[0271 ] FIG. 1 0(B) is a diagram showing a relationship between positions in the radial direction on the optical recording 
medium 251 and recording powers (laser powers) of the laser beam outputted from the semiconductor laser 253 at 
35 the time that the running OPC is not performed. In FIG. 1 0(B), the optimum power (OPC recording power) obtained in 
the OPC is denoted by Pope. 

[0272] If the running OPC is not performed during data recording on the optical recording medium 251 from the inner 
peripheral side toward the outer peripheral side, the recording power (laser power) of the laser beam outputted from 
the semiconductor laser 253 tends to be gradually decreased, as shown in FIG. 10(B). 
40 [0273] For this, the actual recording power at positions on the side that the data recording is ended is smaller than 
the optimum power (OPC recording power) Pope obtained in the OPC. Incidentally, if the recording is performed without 
the running OPC, the asymmetry gradually decreases. 

[0274] If the running OPC is not performed, the actual laser current value remains unchanged relative to the laser 
current value lope corresponding to the optimum power (OPC recording power) Pope obtained in the OPC, but the 
45 actual recording power changes relative to the optimum power (OPC recording power) Pope obtained in the OPC, as 
above. For this reason, the recording power (laser current value) is set in a manner to be described later to be used 
when the recording on the first recording layer 2 (22) is started. 

[0275] When the recording of the data on the second recording layer 5 (25) is completed, the control arithmetic unit 
260 sets the recording power (here, a laser current value corresponding to the recording power) to be used when the 
50 recording on the first recording layer 2 (22) is started in the following manner (steps A50 and A60; recording power 
setting step at the starting of the recording). Incidentally, this function of the control arithmetic unit 260 B is referred to 
as starting point recording power setting unit. 

[0276] In concrete, when the recording in the second recording layer 5 (25) is completed, the control arithmetic unit 
260 determines how much the actual recording power changes relative to the optimum power to the second recording 
55 layer 5 (25) obtained beforehand at step A30 (step A50). 

[0277] In this embodiment, the control arithmetic unit 260 stores the recording power (laser current value correspond- 
ing to the recording power) which is set to record the last data on the second recording layer 5 (25) (data recorded at 
the last address of the recorded data recorded on the second recording layer) in the memory 260B. 
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[0278] When the recording on the second recording layer 5 (25) is completed, the control arithmetic unrt 260 i reads 
out the optimum power to the second recording layer 5 (25) (OPC recording power; laser current value Respond ng 
to he optimum power) which is stored in the memory 260B and the recording power (laser current value corresponding 
to the recording power) set to record the last data on the second recording layer 5 (25) and obtains -.a 
between the recording power used to record the last data on the second recording layer 5 (25) and the Predetermined 
S power to the second recording layer 5 (25), and calculates the quantity of a change in the actua record ng 
power relative to the optimum power to the second recording layer 5 (25) (step A50). Th,s funct,on of the control 
arithmetic unit 260 is referred to as a recording power changing quantity calculating unit. 

mSS According to this embodiment, the control arithmetic unit 260 subtracts the previously-determined opt.mum 
^oJZSSZL corresponding to the optimum power) to the second recording ,ayer 5 (25) from t e recording 
power laser current value corresponding to the recording power) used to record the last data ^ ^ 
tayer 5 (25), and calculates the quantity of a change in the actual recording power relate to the optimum power to 
the second recording layer 5 (25) in order to perform the recording while the running OPC is performed. 
02^1 If the running OPC is not performed, a temperature sensor or a photodiode for momtonng may be provided 
o est ma e (a change In) the actual recording power on the basis of the temperature of the sem.conduc or aser 253 
orthe q uantiUftheemitted.ightfromthesemiconductor.aser253,adifferencebetwee 

power'and the previously-determined optimum power to the second recording ^^^^SS^SSi 
quantity of a change in the actual recording power relative to the opt.mum power to the second recording layer 5 (25) 

[Sit TerlTe OPC is performed in each of the PCAs arranged on the inner peripheral side and the ^outer periphera. 
Lde o the data recording area of the second recording layer 5 (25), and the optimum powers ob a, ed m he OPC are 
stored in the memory 260B, as stated above. For this, the control arithmetic unit 260 reads out both of he opt mum 
Recording powers (laser current values corresponding to the respective optimum powers) determines the optimum 
power (.aser current value corresponding to- the optimum power) determined by an OPC performed in a PCA whnh « 
nZ a portion on which the last data of the second recording layer 5 (25) is recorded on the basis 
radial direction where the last data of the second recording layer 5 (25) is recorded and positions ,n the ad al direction 
of the PCAs on the inner peripheral side and the outer peripheral side of the second recording layer 5 (25), and uses 
the deteTmfned optimum power as the optimum power (laser current value corresponding to the optimum power) to 

^Is^oZlTtCmZLdtov determining the optimum power to the second recording layer 5 (25) J not limited 
to the above example. For example, it is possible to interpolate values between a position in the radial diction of a 
PCA on the inner peripheral side of the second recording layer 5 (25) and the optimum power (laser curren tva ue 
corTespondlng to the optimum power) obtained in the OPC performed in this PCA, and a position in he radial direct on 
7s ^ PCA on the outer peripheral side of the second recording layer 5 (25) and the optimum power (laser current vaUie 
corresponding to the optimum power) obtained in OPC performed in this PCA, determine the 
portion (a position in the radial direction) on which the last data of the second recording layer 5 (25) is recorded, and 
use it as the optimum power to the second recording layer 5 (25). 

[0283] Amatively, without taking into consideration a position in the radial direction on the seconc *<*^*£ 
5 (25) it is possible to determine an average value of the optimum powers determined ,n the OPC performed , he 
PCAs on the inner peripheral side and the outer peripheral side of the second recording layer 5 (25), and use rt as the 
oDtimum power to the second recording layer 5 (25), for example. ..^^H—teH 
[0284] in this embodiment, the recording power is set in the running OPC on the basis of the quantity of he Reeled 
iqhtbeam when data is recorded on the second recording layer 5 (25). Accordingly, this means that the actual recording 
oowe (a change therein) is estimated on the basis of the quantity of reflected light from the optical recording medium 
aUhe time th* the last data is recorded on the second recording layer 5 (25). Incidentally, this function of the control 
arithmetic unit 260 is referred to as a recording power estimating unit. 

S When recording is performed while the running OPC is performed as done in this embodiment, the laser 
current value is set in the'feed'back control performed as the running OPC on the ^^ZTlt^^s 
as shown in FIG 9(A) [because it varies with a change in the actual recording power [refer to FIG. 9(B)]]. This means 
that (a changed the actual recording power is estimated on the basis of the laser current value set in the running 
OPc tthat is a laser current value set to record the last data on the second recording layer 5 (25)]. This function of the 
control arithmetic unit 260 is referred to as a recording power estimating unit 

r0286] In other words, obtaining a difference between an actual laser current value set to record the last data on the 
second receding layer 5 (25) in the feedback control performed as the running OPC on the basis of the quantty of 
teflected light performed as the running OPC and a laser current value corresponding to the opt.murr ^^(OPC 
ecording power) obtained in the OPC on the second recording .aver 5 (25) and calculating the quantity of a change 
n the actual laser current value relative to the laser current value corresponding to the optimum powerto the ^second 
recording layer 5 (25) is equivalent to obtaining a difference between a recording power used to record the last data 
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of the second recording layer 5 (25) and the previously-determined optimum power to the second recording layer 5 
(25) and emulating the quantity of a change in the actual recording power relative to the optimum power to the second 

[SeT^erthfq'uantity of a change in the actual recording power is determined in the feedback control performed 
as the running OPC on the basis of the quantity of reflected light. Alternatively, it is possible to prepare a relat.onsh,p 
be^n^TquantTties of reflected light and the recording powers as a table, and determine the quantity of a change 

in the actual recording power using the table. ^^i-- 
0288] Next, the control arithmetic unit 260 corrects the previously-determined opt,mum power to the first recording 
ayer2(22)onthebasisofachange in theactual recording power relative to the opt.mum power to the second recording 
ZZ 5 (25) and sets a recording power to be used when the recording on the first recording layer 2 (22) ,s started 
(step A60) This function of the control arithmetic unit 260 is referred to as an optimum power correcting unit. 
0289] Namely, the control arithmetic unit 260 reads out the optimum power (OPC recording power, * j Jas er cur ent 
Le corresponding to the optimum power) to the first recording layer 2 (22) stored in the memoiy 2MB and adds 
the quantity of a change in the actual recording power relative to the optimum power to the second recording layer 5 
(25) and sets a recording power to be used when the recording on the first recording layer 2 (22) .s started. 
0290] When the recording on the first recording layer 2 (22) is continuously performed ™»*™^J£ 
second recording layer 5 (25), the control arithmetic unit 260 controls the record.ng power of the se ™°n d "ctor aser 
253 to the recording power (a laser current va.ue corresponding to the recording power) to be used when the record.ng 
on the first recording layer 2 (22) is started without performing the OPC for the first recording layer 2 (22), and records 
a f i Z ^ continuous data on the first recording layer 2 (22) from the outer peripheral side toward the inner peripheral 
side step A70) . According to this embodiment, the running OPC is performed when the record.ng on the f ,rs record ng 
fayer 2 (22) is performed as well as the recording on the second recording layer 5 (25). Th.s funct.on of the control 

arithmetic unit 260 is referred to as a data recording unit. 

5)291 ] In the above embodiment, the OPC is performed on ail the layers before the record.ng on the optical record.ng 
medium 251 , data is then recorded on each of the recording layers. However, it is not always necessary to beforehand 
perform the OPC on all recording layers. When continuous recording is performed on at least two record.ng layers, 
the OPC should not be performed before a start of recording on one recording layer after record.ng on the other re- 

S 9 TthL'abTvfem'bodiment where the running OPC is performed during recording, the control arithmetic unit 
260 obtains a difference between a recording power set to record the last data of the second ^^ms layer 5 (25) 
and the optimum power to the second recording layer 5 (25) when the record.ng on the first record.ng layer 2 (22) is 
Started and calculates the quantity of a change in the actual recording power relative to the optimum power to the 
siond recording layer 5 (25), thereby estimating a change in the actual recording power on the basis of the quantity 
Sd light from the optical recording medium 251 obtained when the recording on the second recording layer 5 
35 (25) is ended. However, this recording method is not limited to the above. _ .. , . 

0293] For example, the control arithmetic unit 260 may estimate a change in the actual record.ng power on the basis 
of the temperature of the semiconductor laser (laser light source) 253 obtained when the record.ng on | »he second 
recording layer 5 (25) is completed. This method can be applied to not only a case where the reco ding ,s performed 
whTthe running OPC is performed, but also a case where the recording is performed without the running OPC. 
40 incidentally this function of the control arithmetic unit 260 is referred to as a recording power estimating un.t. 
0294] inwh^ 

aser 253 is provided as denoted by a chain double-dashed line in FIG. 3, for example, and the control anthmetjc unrt 
260 monitor the temperature of the semiconductor laser 253 when recording on the second recording layer 5 (25) is 
pert oTed and estimates a change in the actual recording power on the basis of the temperature of the semiconducto 
« ZmZ Obtained after the recording on the second recording layer 5 (25) is completed (for example, when the last 

S] r ^or d e e xample, a table representing a relationship between the temperatures of the semiconductor laser 253 
and the recording powers [a relationship of the quantity of a change in the laser power relative to a change in temper- 
ature of the semiconductor laser 253], or a table representing a relationship between the temperatures of the sem 

so conductor laser 253 and the wavelengths of the outputted laser beam [a relationship of the quantity of a 

absorbed quantity of the laser beam by a dye contained in the dye containing recording layer 5 (25 relative to a change 
in temperature of the semiconductor laser 253] may be beforehand prepared, and a change m the actual record.ng 
power may be estimated using these tables on the basis of the temperature of the semiconductor .aser 253 obta.ned 
after the recording on the second recording layer 5 (25) is completed. 

55 [0296] Alternatively, the control arithmetic unit 260 may estimate a change in the actual record.ng power on the bas s 
of the quantity of an emrtted light beam of the semiconductor laser (laser light source) 253 at the time that the last data 
is recorded on the second recording layer 5 (25) (at the time of completion of the recording), for example^ is method 
can be applied to not only the case where recording is performed while the running OPC is performed but also the 
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case where recording is performed without the running OPC. Incidentally, this function of the control arithmetic unit 
260 is referred to as a recording power estimating unit. 

SSm in which case, a photodiode for monitoring (optical detector for monitoring) 262 detectng he quantrty of a 
^ beam emrtted from the semiconductor laser 253 may be provided as denoted by a chain 
FIG 3 for example, and the control arithmetic unit 260 may monitor the quantrty of the emitted light beam from he 
semiconductor iaser 253 at the time of recording on the second recording .ayer 5 (25), and estimate a change „ he 
actual recoding power on the basis of the quantity of the emitted light beam from the semiconductor laser 253 at the 
time that the recording on the second recording layer 5 (25) is completed. 

[0298] For example a table representing a relationship between the quantities of the emitted light beam from the 
semiconductor laser 253 and the recording powers may be beforehand prepared, and a change in the actual recording 
power may be estimated on the basis of the temperature of the semiconductor laser 253 at the tone of complet.cn of 
the recording on the second recording layer 5 (25), using the table. 

r 0 299] Further, the control arithmetic unit 260 may estimate a change in the actual record.ng power on the basis of 
a time period of .aser irradiation until the last data is recorded (until the end of the recording) on the se 
layer 5 (25) This method can be applied not only to a case where recording is performed while the running OPC * 
formed but also a case where recording is performed without the running OPC. Incidentally, th,s function of the 
control arithmetic unit 260 is referred to as a recording power estimating unit. 

roato] in which case, the control arithmetic unit 260 monitors the time period of laser irradiation when record.ng on 
the second recording layer 5 (25) is performed, and estimates a change in the actual recording power on the bas.s of 
the time period of the laser irradiation until the end of the recording on the second record.ng layer 5 (25) 
[0301] Forexample.atablerepresentingarelationshipbetweenthe^ 

powei is beforehand prepared, and a change in the actual recording power is estimated on the bas.s of the t.me per.od 

££7 "ESS * pl^etcombine these methods and use them. For example, the control arithmetic unit 260 
. may estimate a change in the actual recording power on the basis of the quanthy of the emitted light beam from he 
semiconductor laser (laser light source) 253 obtained when the recording on the second recording layer E , (25 ) * 
completed, and the temperature of the semiconductor laser (laser light source) 53 obtained after the recording , onthe 
second recording layer 5 (25) is completed. This method can be applied to not only a case where record.ng is performed 
Wie the mnning OPC is performed but also a case where recording is performed without the running OPC. Inc.dentally. 
this function of the control arithmetic unit 260 is referred to as a recording power estimating unit. 
[03031 in the above embodiment, the description has been made by way of example where data .s con .ntiously 
econded on the optical recording medium 251 having the two recording layers 2 and 5 (22 and 25). Accordmgly, the 
data Ts contin ousty recorded on the neighboring two recording layers. However, when data is continuously recorded 
on an optical recording medium having three or more recording layers, for example, the record.ng ,s not necessarily 
35 performed continuously on neighboring recording layers. 

[B] Second Embodiment 

[0304] According to this embodiment, the area structure of the optical recording medium and the optimization of the 
40 recordina Dower differ from those of the first embodiment. 

[o305] HereLfter, description will be made of the area structure and the optimization of the record.ng power ac- 

[0°306] 9 1 In^sTptical^ording medium (of the type 1 and the type 2), recording is performed on the first recording 
ayer 2 or 22 from the inner peripheral side toward the outer peripheral side, after that, the record.ng is perfonped on 
43 thesecond recording layer 5 or 25 from the outer peripheral side toward the innerperipherals.de, as sh own nR^A) 
[0307] in this optical recording medium, optimization (OPC) of the recording power o the laser beam .s perfonT.ed 
or each of the recording layers using PCAs before actual recording is started on each of the record.ng taye rs, ■ » well 
[0308] As shown in FIG. 6(A), a PCA 71 , a user data area 73 and a predetermined area 75 are arranged m order on 
the first recording layer 2 or22 of this optical recording medium from the inner peripheral side toward the outer peripheral 

so side of the disk. 8 0 _ , n D/ ^ A oc Qro 

[0309] On the second recording layer 5 or 25, a predetermined area 81 , a user data area 83 and a PCA 85 are 
arranged in order from the inner peripheral side toward the outer peripheral side of the disk. 

[031 0] Each of the user data areas 73 and 83 includes a lead-in area, an information record.ng area, a lead-out area, 
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[0311] As shown in FIG. 6(B), the PCA 71 of the first recording layer 2 or 22 is divided into an OPC area 71 a for tr a 
writing by irradiating the laser beam, and an OPC management area 71b for recording the number of t.me the tr al 
writing has been performed. Each of the areas 71 a and 71 b consists of a plurality of partrt.ons, and one paction . (241 8 
bytes) is used in each of the regions 71 a and 72b for one OPC process. Incidentally, the part.t.ons m the OPC area 
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71a are used from the outer peripheral side toward the inner peripheral side, whereas the partitions in the OPC man- 
agement area 71b are used from the inner peripheral side toward the outer peripheral side, for example. 
[0312] When recording on the first recording layer 2 or 22 is performed with a laser beam, trial writing is performed 
by irradiating laser beams having various powers on one partition in the OPC area 71a, the records written on trials 
5 and reading-out are repetitively done, a recording power of the laser beam at which the data can be read most appro- 
priately is determined, and a state of use of the OPC area 71 a such as the number of times the trial writing has been 
performed, etc. is written in one partition in the OPC management area 71b. 

[0313] As shown in FIG. 6(C), the PCA 85 of the second recording layer 5 or25 is divided into an OPC area 85a for 
performing trial writing by irradiating the laser beam, and an OPC management area 85b for recording the number of 

10 times the trial writing has been performed. Each of the areas 85a and 85b consists of a plurality of partitions, and one 
partition is used in each of the regions 85a and 85b for one OPC process. Incidentally, the partitions in the OPC area 
85a are used from the inner peripheral side toward the outer peripheral side, whereas the partitions in the OPC man- 
agement area 85b are used from the outer peripheral side toward the inner peripheral side, for example. 
[031 4] When recording on the second recording layer 5 or 25 is performed with a laser beam, trial writing is performed 

15 by irradiating laser beams having various powers on one partition in the OPC area 85a to write on trials, the records 
written on trials are repetitively read, a recording power of the laser beam at which the data can be read most appro- 
priately is determined, and a state of use of the OPC area 85a such as the number of times the trial writing has been 
performed, etc. is written in one partition in the OPC management area 85b. 

[0315] Meanwhile, the predetermined area 81 of the second recording layer 5 or 25 is in a state where nothing is 
20 recorded. The second recording layer 5 or 25 is in the un-recorded state when recording on the first recording layer 2 
or 22 is performed because recording on the second recording layer 5 or 25 is performed after recording on the first 
recording layer 2 or 22 is completed in this optical recording medium, as stated above. For this, by making the prede- 
termined area 81 in the un-recorded state like the second recording layer 5 or 25, it is possible to perform the OPC 
process on the first recording layer 2 or 22 in a state closer to the actual recording state. 
25 [031 6] On the other hand, the predetermined area 75 of the first recording layer 2 or 22 is in the previously-recorded 
state. In this optical recording medium, since the recording on the second recording layer 5 or 25 is performed after 
recording on the first recording layer2 or 22 is completed, the first recording layer is already in the recorded state when 
recording on the second recording layer 5 or 25 is performed. For this, by making the predetermined area 75 in the 
recorded state, it is possible to perform the OPC process on the second recording layer in a state closer to the actual 
30 recording state. 

[0317] When the applied medium is a DVD-R, it is preferable that recording in conformity with EFM+, which is a 
recording method for DVD-R, is performed in the predetermined area 75. For example, the length of a mark or space 
is within a range of 3T to 14T when the reference clock cycle for recording is T, and a ratio of mark to space is 0.9 to 
1 .1 , more preferably 1 .0 (that is, 50% duty). As this, it is preferable that data is recorded in the same method as the 
35 recording method generally used for data recording in the applied medium. 

[0318] Recording on the predetermined area 75 may be performed by the manufacturer when the disk is manufac- 
tured, or by the user with a drive after the user purchases the disk. In either case, it is only necessary that the prede- 
termined area 75 is in the previously-recorded state before the first OPC process is started on the second recording 
layer 5 or 25. 

40 [0319] In this optical recording medium having the above structure, the OPC process for the first recording layer 2 
or 22 is performed in the PCA 71 of the first recording layer 2 or 22 before recording on the first recording layer 2 or 
22 is started. Since the second recording layer 5 or 25 covered with the OPC area 71a of the first recording layer 2 or 
22 when looked from the laser beam is in the un-recorded state at this time, it is possible to perform the OPC process 
for the first recording layer 2 or 22 in a state closer to the actual recording state : and determine the optimum recording 

45 power to the first recording layer 2 or 22. 

[0320] When recording on the first recording layer is started thereafter, the OPC process for the first recording layer 
2 or 22 is performed, using the PCA 71 of the first recoding layer 2 or 22. 

[0321] When recording on the entire area of the first recording layer 2 or 22 is completed, the OPC process for the 
second recording layer 5 or 25 is performed, using the PCA 85 of the second recording layer 5 or 25. Since the first 
50 recording layer 2 or 22 overlapping when looked from the laser beam on the OPC area 85a of the second recording 
layer 2 or 25 is in the previously- recorded state, it is possible to perform the OPC process on the second recording 
Iayer5 or 25 in a state closer to the actual recording state, and determine the optimum recording power to the second 
recording layer 5 or 25. 

[0322] By arranging the OPC area 85a of the second recording layer 5 or 25 so as not to be overlapped on the OPC 
55 area 71a of the first recording layer 2 or 22, it is possible to perform the OPC process for the second recording layer 
5 or 25 without affected by the recording state of the OPC area 71a of the first recording layer 2 or 22, thereby to 
determine the optimum recording power to the second recording layer 5 or 25. 

[0323] Like the first embodiment, a recommended recording power value of the laser beam may be beforehand 



27 

BNSDOCID: <EP 1575035A1_I_> 



EP 1 575 035 A1 



recorded in the medium. By doing so, it becomes possible to determine the optimum recording power more quickly by 
referring to the recommended recording power when the OPC process is executed. ror , nrrlmn 
[03241 In this embodiment, the second recording layer 5 or 25 covered with the OPC area 71 a of the first recording 
ayer 2 or 22 is in the un-recorded state. However, it is preferable that at least a part of the, second recording layer 5 
or 25 is in the un-recorded state. The first recording layer 2 or 22 overlapping » "^32^2 
recording layer 5 or 25 is in the previously-recorded state. However, it is preferable that at least a part of the f.rst 

recordinq layer 2 or 22 is in the previously-recorded state. 

[o325] As shown in FIG. 6(A) , It is preferable that each of the PCA 71 and 85 is arranged at a position close to a 
position at which recording is started because of the accessibility of the laser beam. 
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[C] Third Embodiment 

[0326] According to this embodiment, the area structure of the optical recording medium and the recording power 
optimization differ from those according to the first embodiment. P ^ rtrH ,n„ 
15 [0327] Hereinafter, description will be made of the area structure of the optical recording med.um and the recording 
power optimization according to this embodiment. . rtn th _ 

[0328] As shown in FIG. 7(A), in this optica, recording medium (Type 1 and Type 2). recording « P^ormed on t he 
second recording layer 5 or 25 from the inner peripheral side toward the outer peripheral side, after that, receding to 
performed on the first recording layer 2 or 22 from the outer peripheral side toward the inner peripheral side thereof 
[0329] In this optical recording medium, before recording is actually performed on each of the recording layers 
optimization of the recording power of the laser beam (OPC) for each of the recording layer is pert ormed, , using I PCAs. 
[0330] As shown in FIG. 7 (A), a PCA 1 01 , a user data area 1 03 and a predetermined area 1 05 are arranged in order 
on the second recording layer 5 or 25 of this optical recording medium from the inner peripheral side toward the outer 
DeriDheral side of the disk. ^ K ^_ , 

[0331] On the first recording layer 2 or 22, a predetermined area 91 , a user data area 93 and a PCA 95 are arranged 
in order from the inner peripheral side toward the outer peripheral side of the d.sk. 

[0332] Each of the user data areas 93 and 103 includes a lead-in area, an information recording area, a lead-out 

fo333f C As shown in FIG. 7(B), the PCA 101 of the second recording layers or 25 is divided into an OPC area 101a 
or performing trial writing by irradiating laser beams, and an OPC management area 101 b for storing the number of 
times the trial writing has been performed, etc. Each of the areas 101a and 101b consists of a , p ^^PJJ^J 
and one partition (2418 byte) is used for one OPC process in each of the areas 101a and 101 b. Incidentally he 
partitions in the OPC area 1 01 a are used from the outer peripheral side toward the inner peripheral s.de, whereas the 
partitions in the OPC management area 1 01 b are used from the inner peripheral side toward the outer penpheral s.de, 

35 !o3341 m When recording on the second recording layer 5 or 25 is performed with the laser beam, trial writing is per- 
formed by radiating laser beams having various powers on one partition in the OPC area 1 01a, the records written on 
trials are repetitively read, a recording power of the laser beam that can read most appropriately is determined, and 
the state of use of the OPC area 101a such as the number of times the trial writing has been performed, etc. is recorded 
40 in one partition in the OPC management area 101b. 

0335] As shown in FIG. 7(C), the PCA 95 of the first recording layer 2 or 22 is divided into an OPC area 95a for 
performing trial writing by irradiating laser beams, and an OPC management area 95b for storing the number of times 
the trial writing has been performed, etc. Each of the areas 95a and 95b consists of a plurality of partitions, and one 
partrtion (241 8 byte) is used for one OPC process in each of the areas 95a and 95b. Incidentally, the partit.ons in he 
OPC area 95a are used from the inner peripheral side toward the outer peripheral side, whereas the partmons in the 
OPC management area 95b used from the outer peripheral side toward the inner peripheral side, for example. 
[0336] When recording on the first recording layer 2 or 22 is performed with the laser beam, trial writing » performed 
by irradiating laser beams having various powers on one partition in the OPC area 95a, the records wntten on trials 
and reading-out are repetitively done, a recording power of the laser beam that can read most appropriately is deter- 
mined, and the state of use of the OPC area 95a such as the number of times the trial writing has been performed, 
etc is recorded in one partition in the OPC management area 95b. 

r03371 Meanwhile the predetermined area 91 of the first recording Iayer2 or 22 is in a state where nothing is recorded 
(un-recorded state). Since recording on the first recording layer 2 or 22 is performed after recording on the second 
recordinq layer 5 or 25 is completed in this optical recording medium, as stated above, the first receding layer 2 or 22 
is in the un-recorded state when recording is performed on the second recording layer 5 or 25. By makmg the prede- 
termined area 91 in the un-recorded state like the first recording layer 2 or 22, it is possible to perform the OPC process 
for the second recording layer 5 or 25 in a state closer to the actual recording state. 

[0338] On the other hand, the predetermined area 1 05 of the second recording layer 5 or 25 is in the previously- 
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recorded state. Since recording on the first recording layer 2 or 22 is performed after recording on the second recording 
layer 5 or 25 is completed in this optical recording medium, as stated above, the second recoding layer 5 or 25 is 
already in the recorded state when recording is performed on the first recording layer 2 or 22. By making the prede- 
termined area 105 in the recorded state like the second recording layer 5 or 25, it is possible to perform the OPC 

5 process for the first recording layer 2 or 22 in a state closer to the actual recording state. 

[0339] When the applied medium is a DVD-R, it is preferable that recording in conformity with EFM+, which is a 
recording method for DVD-R, is performed in the predetermined area 1 05. For example, it is preferable that the length 
of a mark or space is within a range of 3T to 14T when the reference clock cycle for recording is T, and the ratio of 
mark to space is 0.9 to 1 .1 , more preferably 1 .0 (that is, 50% duty). As this, it is preferable that data is recorded in the 

10 same method as the recording method generally used for data recording in the applied medium. 

[0340] Recording in the predetermined area 1 05 may be performed by the manufacturer when the disk is manufac- 
tured, or by the user with a drive after the user purchases the disk. In either case, it is only necessary that the prede- 
termined area 1 05 of the second recording layer 5 or 25 is in the previously-recorded state before the first OPC process 
for the first recording layer 2 or 22 is started. 

15 [0341] In this optical recording medium having the above structure, the OPC process for the second recording layer 
5 or 25 is performed using the PCA 1 01 of the second recording layer 5 or 25 before recording on the second recording 
layer 5 or 25 is started. Since the first recording layer 2 or 22 overlapping when looked from the laser beam on the 
OPC area 1 01 a of the second recording layer 5 or 25 is in the un-recorded state at this time, it is possible to perform 
the OPC process for the second recording layer 5 or 25 in a state closer to the actual recording state, and determine 

20 the optimum recording power to the second recording layer 5 or 25. 

[0342] When recording on the second recording layer 5 or 25 is started thereafter, the OPC process for the second 
recording layer 5 or 25 is performed, using the PCA 1 01 of the second recoding layer 5 or 25. 

[0343] When recording on the entire area of the second recording layer 5 or 25 is completed, the OPC process for 
the first recording layer 2 or 22 is performed, using the PCA 95 of the first recording layer 2 or 22. Since the second 
25 recording, layer 5 or 25 overlapped on the OPC area 95a of the first recording layer 2 or 22 when looked from the laser 
beam is in the previously-recorded state, it is possible to perform the OPC process for the first recording layer 2 or 22 
in a state closer to the actual recording state, and determine the optimum recording power to the first recording layer 
2 or 22. 

[0344] By arranging the OPC area 95a of the first recording layer 2 or 22 so as not to overlap on the OPC area 101a 
30 of the second recording layer 5 or 25, it is possible to perform the OPC process for the second recording layer 5 or 25 
without affected by the recording state of the OPC area 95a of the first recording layer 2 or 22, and determine the 
optimum recording power to the second recording layer 5 or 25. 

[0345] Like the first embodiment, a recommended recoding power of the laser beam may be beforehand recorded. 
By doing so, it becomes possible to determine the optimum recording power more quickly by referring to the recom- 
35 mended recording power when the OPC process is executed. 

[0346] As shown in FIG. 7 (A), it is preferable that each of the PCAs 95 an 101 is arranged in a position close to 
where recording is started because of the accessibility of the laser beam. 

[D] Others 

[0347] Having described the embodiments of the present invention, it is to be understood that the present invention 
is not limited to be above embodiments, but may be modified in various ways without departing from the scope of the 
present invention. 

[0348] For example, this invention can be applied to an optical recording medium having three or more recording 
layers, on which recording or reading are performed with a laser beam from one side. In which case, the PCA is 
arranged in each of the recording layers. In such optical recording medium, when the OPC process is performed on a 
certain recording layer (excepting the first recording layer) X n , the PCA of the recording layer X n preferably has an 
area not overlapped on the PCA of a recording layer positioning in front thereof when looked from the laser beam. 
Further, it is preferable that a part of the recording layer X^ overlapping on the PCA of the recording layer X n looked 
from the laser beam is in the previously-recorded state. 

[0349] In the above embodiment, a dye recording medium having a dye recording layer has been described. However, 
this invention can be applied to a medium of the phase-change type. In the case of a phase-change medium, the first 
recording layer is comprised of the first protective layer, an information recording layer and the second protective layer, 
whereas the second recording layer is comprised of the first protective layer, an information recording layer and the 
second protective layer, although not shown. 

[0350] As the material of this information recording layer, it is preferable to use a material whose optical constant 
(refractive index n, extinction coefficient k) is changed by irradiating a laser beam. As such material, there are, chal- 
cogenides based on Te or Se such as alloys containing Ge-Sb-Te, Ge-Te, Pd-Ge-Sb-Te, In-Sb-Te, Sb-Te t Ag-ln-Sb- 
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Te Ge-Sb-Bi-Te Ge-Sb-Se-Te, Ge-Sn-Te. Ge-Sn-Te-Au, Ge-Sb-Te-Cr, In-Se, In-Se-Co or the like as the mam com- 
ponent, and alloys to which nrtrogen. oxygen, etc. are appropriately added to the former alloys, for example. 
[0351] As the material of the first protective layer and the second protective layer, it is preferable to use a material 
which is physically and chemically stable, has higher melting point than that of the information recording layer and high 
softening temperature, and is not mutually soluble with the material of the information recording layer in order to sup- 
press an increase in noise due to thermal damage of the protective substrate, the information recording layer and the 
Eke at the time of irradiation of the laser beam, adjust the reflectance and absorptivity to the laser ^>J^<»» * 
the reflected light, etc. As such material, there are oxides of Y, Ce, Ti. Zr, Nb. Ta Co , Zn. Al Si. Ge Sn. Pb ,Sb.\ B. Te 
or the .ike, nitrides of Ti, Zr, Nb, Ta, Cr, Mo, W, B. Al, Ga, In, Si. Ge, Sn, Pb or the like, carbides of Ti, Zr, Nb Ta Cr 
Mo W Si orthe like, sulfides of Zn.Cdorthe like, selenides.tellurides. fluorides of Mg. Caorthel.ke, simple substances 
of C Si Ge and the like, dielectrics made from mixtures of these, and materials treated in the same way as the d,e- 
lectrics'for example. For the first protective layer and the second protective layer, different matenals may be used as 
needed, or the same material may be used. ,«.:„„ 
[03521 In the case of a rewritable optical recording medium, the OPC process can be repeated in the same partition 
Lee it is possible to rewrite signals in the recording layer. Accordingly, the PCA of the rewritable optica recording 
medium is comprised of only the OPC area, thus the OPC management area for recording the number of times trial 
writinq has been performed, etc. is unnecessary. 

[0353] in the rewritable optical recording medium, a partition for performing the OPC is arb.tranly selected, and the 
OPC process is performed after a laser beam for erasing the power beforehand recorded in the selected partition of 
the medium is emitted and the signals are erased. Since records of signals can be erased in the rewritable recording 
medium, the order of the recording is not constant in such a way that the second recording layer ,s recorded after he 
first recording layer is recorded, ihus the order of the recording differs according to the state of use. In the case of he 
rewritable optical recording medium, it is preferable that the predetermined areas of the first recording layer and he 
second recording layer are in the recorded state because the OPC process can be perfotmed in a state closer to the 
actual recording state. However, the present invention is more effective when the present invent.on « applied to a 
write-once medium in which data is written in one recording layer, after that, the data is started to be recorded in another 

!S in9 ™s e application is based on Japanese Patent Application Number 2002-370934 filed on December 20, 2002, 
Japanese Patent Application No. 2003-202321 filed on July 28. 2003 and Japanese Patent Application No. 
2003-098320 filed on April 1 . 2003. the whole contents of which are hereby incorporated by reference. 



Claims 

1. An optical recording medium comprising: 

a plurality of recording layers on which information can be recorded by irradiating a laser beam from one side 

each of said recording layers including a power calibration area to optimize intensity of the laser beam. 

2 The optical recording medium according to claim 1 .wherein said power calibration area is set at the inner peripheral 
side and/or outer peripheral side of an information recording area of said recording layer. 

3. An optical recording medium comprising: 

an optical-transmissible first substrate; .. .. 

a first recording layer disposed on said first substrate, on which information can be recorded by irradiating a 
laser beam from the first substrate's side; 

a second recording layer disposed on said first recording layer, on which information can be recorded by 

irradiating said laser beam; and ... 
each of said first recording layer and said second recording layer including power calibration areas to optimizing 

intensity of said laser beam. 

4 The optical recording medium according to claim 3, wherein said power calibration areas of said first recording 
layer and said second recording layer are set at the inner peripheral side and/or the outer peripheral side of infor- 
mation recording areas of said first recording layer and said second recording layer. 

5. The optical recording medium according to claim 4, wherein said power calibration areas of said first recording 
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layer and said second recording layer are set at the inner peripheral side of said information recording areas of 
said first recording layer and said second recording layer; and 

recording of information on said first recording layer and said second recording layer is performed from the 
inner peripheral side toward the outer peripheral side of said information recording areas. 

6 The optical recording medium according to claim 4, wherein said power calibration area of said first recording layer 
is set at either one side of said inner peripheral side and said outer peripheral side of said information recording 

3TG3' 

' said power calibration area of said second recording layer is set at the other side of said information recording 
10 area; and 

recording of information on said first recording layer and recording of information in said second recording 
layer are performed forward opposite directions. 

7 The optical recording medium according to any one of claims 3 through 6, wherein said power calibration area of 
15 said second recording layer has an area not overlapped on said power calibration area of said first recording layer. 

8 The optical recording medium according to any one of claims 3 through 7, wherein a part of said first recording 
layer overlapping on said power calibration area of said second recording layer is in a previously-recorded state. 

20 9. The optical recording medium according to any one of claims 3 through 8, wherein recording of information on 
said first recording layer is performed before recording of information on said second recording layer. 

10. The optical recording medium according to any one of claims 1 through 9, wherein a recommended recording 
power value for each of said recording layers is beforehand recorded. 
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11. A recording method for an optical recording medium having a plurality of recording layers comprising: 



an OPC recording power setting step of performing an optimum power control (hereinafter referred to as an 
OPC) before recording on each of said recording layers to set an OPC recording power for each of said re- 
30 cording layers. 

12. The recording method for an optical recording medium according to claim 11 further comprising: 

an initial recording power setting step of correcting an OPC recording power for another recording layer set 
35 at said OPC recording power setting step based on a change in actual recording power relative to an OPC 

recording power for one recording layer set at said OPC recording power setting step to set a recording power 
to be used at the time of start of recording on another recording layer. 

13. The recording method for an optical recording medium according to claim 12, wherein recording on said one re- 
40 cording layer and recording on said another recording layer are continuously performed. 

14 The recording method for an optical recording medium according to claim 12 or 13, wherein said OPC recording 
power setting step is beforehand performed on all of said recording layers before recording on said optical recording 
medium; and 

45 After recording on said one recording layer said initial recording power setting step is performed before 

recording on said another recording layer. 

15. A recording apparatus for an optical recording medium having a plurality of recording layers comprising: 

so a control arithmetic unit for performing an optimum power control (hereinafter referred to as an OPC) before 

recording on each of said plural recording layers to set an OPC recording power for each of said recording 
layers. 

16. The recording apparatus for an optical recording medium according to claim 15, wherein said control arithmetic 
55 unit corrects an OPC recording power for another recording layer based on a change in actual recording power 

for an OPC recording power for one recording layer to set a recording power at the time of start of recording on 
another recording layer. 
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17. The recording apparatus for an optical recording medium according to claim 16, wherein said control arithmetic 
unit continuously performs recording on said one recording layer and recording on said another recording layer. 

18. The recording apparatus for an optical recording medium according to claim 16 or 17, wherein said control arith- 
metic unit beforehand sets an OPC recording power for each of all said recording layers before recording in said 
optical recording medium, and sets a recording power to be used at the time of start of recording on said another 
recording layer before recording on said another recording layer, after recording on said one recording layer. 
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FIG. 4 
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FIG. 6(A) 
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FIG. 7 (A) 
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Box 1 Observations where certain claims were found unsearchable (Continuatio n of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. □ Claims Nos.: 

because tbey relate to subject matter not required to be searched by this Authority, namely: 



2. □ Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

3. | | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

(See extra sheet.) 



As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-6, 10, 11, 15 

Remark on Protest The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 
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The technical feature common to claims 1-10 is provision of a power 
calibration area in each recording layer. 

However, the international search has revealed that this is obvious 
since it is disclosed in document JP 11-120617 A (Sony Corp.) 30 April, 
1999 (30.04:99) Par. Nos . [0011] to [0014]. Therefore, the technical 
feature common to claims 1-5, 10 makes no contribution over the prior 
art. 

The recording method and recorder of claims 11, 15 are also obvious 
from the disclosure of the above-mentioned document. Therefore, the 
technical feature common to claims 11, 15 make no contribution over the 
prior art. 

Consequently, since the technical feature common to claims 1-5, 10, 
11, 15 make no contribution over the prior art, this is not a special 
technical feature within the meaning of PCT Rule 13.2, second sentence. 

I * Claim 6 is directed to an optical recording medium in which a power 
calibration area of a first recording layer is provided on either the 
inner or outer peripheral side, a power calibration area of a second 
recording layer is provided on the other side, the direction of recording 
of information in the first recording layer' is opposite to that in the 
second recording layer. 

II. Claim 7 referring to claim 3 is directed to an optical recording 
medium in which the power calibration area of a second recording layer 
does not overlap with that of a first recording layer. 

III. Claim 8 referring to claim 3 is directed to an optical recording 
medium in which the first recording layer has a part that overlaps with 
the power calibration area of the second recording layer and is in a 
pre-recorded state . 

IV. Claim 9 referring to claim 3 is directed to an optical recording 
medium in which information is recorded in the first recording layer 
prior to that in the second recording layer. 

V. Claims 12-14, 16-18 are directed to a recording method or recorder 
in which according to a change of an actual recording power in relation 
to the OPC recording power for one recording layer, the OPC recording 
power of a second recording layer is corrected and the recording power 
at the recording start for the second recording layer is set. 

Therefore, there is no technique feature common to all the claims. 

Since there exists no other common feature which can be considered 
as a special technical feature within the meaning of PCT Rule 13 . 3, second 
sentence, no technical relationship within the meaning of PCT Rule 13 
between the different inventions can be seen. 

Consequently, it appears that claims 1-18 do not satisfy the requirement 
of unity of invention. 



Form PCT/ISA/2 10 (extra sheet) (July 1998) 



47 



THIS PAGE BLANK wra 



